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PREFACE. 

rjr\ 

H E utility  of  natural  philofophy  to 
the  medical  practitioner  muft  be  fufficiently 
obvious  when  we  confiderthat  the  faculties 
of  the  human  body  are  intimately  connected 
with  thofe  powers  of  nature  which  are  in 
a more  efpecial  manner  the  objeCts  of  that 
fcience.  Thus,  vifion  depends  on  light ; 
health  is  in  a great  meafure  regulated  by  the 
date  of  the  atmofphere,  and  life  itfelf  de- 
pends on  the  purity  of  the  air  we  breathe. 

The  ftudent  who  has  had  the  advantage 
of  a regular  education,  is  taught  to  conlider 
philofophy  as  an  indifpenfable  branch  of 
medical  fcience.  ’Tis  by  this  he  is  led  to 
underftand,  and  reafon  about,  the  caufes  of 
difeafes ; and  to  form  proper  indications  for 
the  removal  of  them.  By  attending  to  the 
various  dates  of  the  atmofphere,  for  ex- 
ample, he  is  enabled  to  account  for  and 
relieve  a variety  of  fymptoms  that  may 
chance  to  occur  in  the  courfe  of  a difeaffc, 
but  which  would  puzzle  and  mifead  oiie 
unacquainted  with  thefe  matters.  It  is 
this,  chiefly,  that  diftinguifhes  the  fcientific 
and  regular  practitioner  from  the  empyric. 
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It  is  to  be  lamented  however  that  they 
who  have  not  had  fuch  an  education  are 
in  general  but  little  acquainted  with  the 
principles  of  natural  philofophy.  For  want 
of  knowing  what  branches  of  it  are  neceffary 
for  their  purpofe,  there  are  fome  who  en- 
counter the  whole  of  the  fcience,  and  thus 
are  either  deterred  by  the  formidable  bulk 
of  the  matter,  from  entering  on  the  Rudy 
at  all,  or,  conceiving  it  to  be  of  little  or  no 
ufe  in  their  profeffion,  conclude  that  the 
advantages  to  be  derived  from  it  will  not 
compenfate  for  the  time  and  trouble  they 
muft  necelfarily  employ  in  acquiring  it. 
The  latter  objection  particularly  affedts 
ftudents  in  the  pharmaceutical  line,  who, 
having  generally  other  employment,  have 
but  little  leifure  for  fuch  purfuits.  If  fuch 
get  acquainted  with  only  the  ufeful  branches 
of  philofophy,  it  is  as  much  as  can  be  ex- 
pedited from  them. 

My  defign  therefore  in  the  following 
work  is  to  treat  of  thofe  parts  of  philofophy 
which  are  connected  with  phyhc ; and  I 
ihall  endeavour  to  difcourfe  of  them  in  fuch 
a manner  as  that  thofe  for  whom  I write 
may  not  have  much  difficulty  in  under- 
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ftanding  me.  Even  gentlemen  who  are 
defigned  for  phyficians,  will,  ’tis  prefumed, 
find  their  advantage  in  the  perufal,  as  it 
will  enable  them  the  better  to  underftand 
the  led ure s of  their  profeffors,  and  prepare 
them  for  more  learned  treatifes  on  thefe 
fubjeds. 

The  work  is  divided  into  three  parts. 

The  hr  ft  treats  of  chemistry;  the 
practical  p art  of  which  however  the  reader 
is  by  no  means  to  exped.  At  firft  it  was 
intended  merely  to  have  given  the  dodrine 
of  affinities.  But  it  was  afterwards  judged 
proper  to  add  the  accounts  in  the  preceding 
chapters.  If  the  reader  has  not  already 
fome  knowledge  of  the  chemical  opera- 
tions, he  would  do  well  to  confult  the 
writings  of  the  celebrated  M.  Macquer.; 
and  M.  Baume’s  excellent  manual  of  che- 
miftry,  in  Englilh,  with  Mr.  Aikin’s  notes. 

The  fecond  part  treats  of  optics, 
electricity,  and  fuch  other  fubjeds  as 
were  judged  neceffiary  to  the  dehgn  of  the 
work.  But  the  fuperfluous  parts,  even  of 
thefe,  are  not  entered  upon.  In  the  chap- 
ter on  optics , for  example,  only  fo  much  of 
that  fcience  is  given  as  is  neceffiary  to  the 
tindcrftanding  of  the  dodrine  of  vi/ton . 
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In  the  laft  part  it  was  only  intended  to 
give  fuch  a fketch  of  phyfiology  as  might  be 
fufficient  for  fhewing  the  connection  and 
application  of  the  fubjedts  previoufly  treated 
of,  to  the  human  body.  The  reader  is  re- 
ferred for  further  information  in  thefe  mat- 
ters to  the  authors  who  have  profelfedly 
written  on  this  fcience,  on  pathology,  and 
the  other  branches  of  medical  theory. 

From  this  account  of  the  work  it  will 
eafily  be  feen  that  it  is  intended  rather  as  an 
introduction  to,  than  a compleat  treatife  on 
the  fubjeCts  mentioned ; and  the  Author’s 
end  will  be  ahfwered  if  it  excites  in  the 
reader  a tajieCov  this  ufeful  kind  of  ftudy. 
If  the  ftudent  has  leifure,  and  a laudable 
ambition,  he  will  not  only  perfeft  bimfelf 
in  thefe  matters  from  authors  of  a fuperior 
rank,  but  even  acquire  a knowledge  of  thofe 
parts  of  philofophy,  which,  not  being  fo 
immediately  neceffary,  are  not  here  dif- 
courfedof.  For  it  need  not  be  added,  that 
an  apothecary  or  furgeon,  as  well  as  a phy- 
fician,  will  be  more  confided  in  by  his 
patients,  and  be  more  generally  and  juftly 
efteemed  for  his  fkill-  in  his  profeffion,  as 
his  learning  is  more  extenfive. 
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1 t h> 

TjEFORE  I enter  on  the  fubjedts  pro- 
pofed,  it  may  be  proper  to  premife  the  fol- 
lowing particulars. 

1. 

All  bodies,  whether  folid  or  fluid,  are 
compofed  of  particles  too  fmall  to  be  vifible 
to  the  naked  eye.  Thus,  water  is  made 
up  of  fuch  particles.  We  can  divide  a given  * 
quantity  of  that  fluid  into  feveral  portions; 
thole  again  into  others  ; each  of  which  may 
again  be  fubdivided,  and  fo  on  till  the  por- 
tions ceafe  to  be  viflble.  The  leafl:  portions 
. into  which  it  can  be  divided  are  called  the 

i 

particles  of  water.  The  like  may  be  obferv- 
ed  of  other  bodies. 

2. 

The  particles  of  fome  bodies  are  mutually 
attra&ive.  You  may  underftand  the  man- 
ner of  this,  by  obferving  what  happens 

when 
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when  two  loadftones  are  placed  near  to 
each,  the  north  pole  of  one  being  turned 
towards  the  fouth  pole  of  the  other;  for 
they  will  draw,  or  attract  one  another,  and 
by  that  means  flick  together,  and  it  will 
require  fome  force  to  feparate  them.  In 
like  manner  the  particles  of  bodies,  by  rea- 
fon  of  their  mutual  attractions,  flick  or  co- 
here. Some  kinds  of  particles  attraCt  one 
another  more  powerfully  than  others. 
Thus,  the  particles  of  diamond  cohere  fo 
flrongly  that  they  cannot  be  feparated  with- 
out a very  great  force.  The  particles  of  lead 
cohere  lefs  powerfully  than  thofe  of  dia- 
mond, and  therefore  are  more  eafdy  fepa- 
rable.  The  particles  of  water  cohere  fo 
weakly,  that  their  feparation  is  very  eafily 

effected. 

3* 

The  particles  of  fome  bodies  do  not  at- 
tract, but  are  on  the  contrary  mutually  re- 
pulfive ; that  is,  they  drive  each  other  away. 
You  may  have  an  idea  of  this  by  turning  the 
north  or  fouth  pole  of  one  magnet,  to  the 
fame  pole  of  the  other;  for  you  will  find 

that 
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that  inftead  of  rufhing  together,  as  before, 
they  fly  further  afunder.  The  like  is  the 
cafe  with  particles  of  air,  and  of  fome  other 
fubftances. 

4* 

The  particles  of  fome  bodies  attract  thofe 
of  others,  as  the  magnet  attracts  iron.  Thus, 
particles  of  water  attract  thofe  of  fugar  j 
hence  water  diffolves  fugar.  The  particles 
of  acids  attract  thofe  of  alcalis,  and  hence 
they  unite.  Particles  of  different  kinds 
attract  each  other  with  different  degrees  of 
force.  Thus,  particles  of  fpirit  of  wine 
attratt  thofe  of  effential  oil ; but  they  attradd 
particles  of  water,  more  than  they  do  thofe 
of  the  oil.  Alfo  fome  kinds  of  diflimilar 
particles  repel  each  other;  and  there  are 
other  kinds  which  do  not  feem  either  to  at- 
tract, or  repel. 

5- 

Bodies  may  exift  in  three  different  Rates  ; 
at  leaf;  this  feems  to  be  the  cafe  with  moft 
fubRances.  Thus,  water  with  an  heat  fuf- 
ficiently  gentle,  is flolid , as  when  it  is  frozen. 
With  a greater  heat  it  is  fluid ; which  is  the 
3 Rate 
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Rate  in  which  we  moR  ufually  obferve  it, 
Butin  an  heat  Rill  greater,  it  is  turned  into 
vapour,  or  even  becomes  elaRic  like  air.  It 
rnay  likewife  be  obferved,  that  when  water 
is  in  its  Jolid  Rate,  its  particles  attract  each 
other  moR  Rrongly  : when  in  its  fluid  Rate, 
very  little  ; and  when  in  its  elaflic  Rate,  they, 
are,  on  the  contrary,  repulfive.  The  like 
may  be  obferved  of  oil,  of  quickfilver,  and 
many  other  fubRances.  But  different  de- 
grees of  heat  are  required  to  produce  thefe 
effefts  in  different  bodies,  as  will  be  more 
fully  feen  in  the  courfe  of  the  work. 

6. 

Bodies  gravitate,  or  tend  towards  fhe 
centre  of  the  earth ; and  the  force  with  which 
they  gravitate,  is  in  proportion  to  the  quan- 
tity of  matter  which  they  contain,  Thus, 
a quart  of  water  contains  twice  as  much 
matter  as  a pintof  the  fame  fluid,  and  there- 
fore gravitates  twice  as  much ; or  weighs 
twice  as  heavy : gravity  and  weight  being 
fynonymous  terms. 

Different  bodies,  or  fubRances,  have  dif- 
ferent fpeciflc  gravities.  Thus,  a pint  ot 

fpirit 
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fpirit  of  wine,  weighs  lefs  than  a pint  of  wa- 
ter, and  therefore  there  is  lefs  matter  in  a 
pint  of  fpirit,  than  in  a pint  of  water.  Hence 
fpirit  of  wine  is  faid  to  have  lefs  fpecific  gra- 
vity than  water. 

On  the  contrary,  a pint  of  quickfilver 
weighs  heavier  than  a pint  of  water,  and 
therefore  contains  more  matter.  Hence 
quickfilver  is  faid  to  have  a greater  fpecific 
gravity  than  water. 

To  place  it  in  another  light,  a pound  of 
fpirit  of  wine  is  greater  in  bulk  than  a 
pound  of  water ; and  a pound  of  water  is 
greater  in  bulk  than  a pound  of  quickfilver. 
9*  there  is  an  equal  quantity  of  matter  in 
a pound  of  fpirit  of  wine,  a pound  of  water, 
and  a pound  of  quickfilver  ; but  it  is  con- 
tained under  greater  or  lefs  bulk  in  one  of 
thefe  fubllances,  than  another.  Thus  alfo? 
a pound  of  wool  may  be  comprized  in  a 
greater  or  lefs  bulk,  according  as  it  is  more 
or  lefs  prefied  together;  but  whether  the 
bulk  be  greater  or  lefs,  the  weight,  or  real 
quantity  of  the  wool  is  the  fame. 

8. 

When  the  fame  quantity  of  matter  is  con-: 
tamed  under  a greater  bulk,  the  body  is 

I faid 
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ft  id  to  be  rare ; when  in  a leffer,  denfel 
Thus,  fpirit  of  wine  is  rarer  than  water ; 
but  quickfilver  denfer. 

Bodies  will  keep  above  thofe  that  den- 
fer than  themfelves,  provided  the  latter  be 
fluid ; but  fink  in  fuch  as  are  rarer.  Thus, 
a cork  floats  upon  oil;  but  lead  finks  be- 
neath it.  Oil  fwims  on  the  furfaceof  water ; 
quickfilver  falls  to  the  bottom. 

_ ■ »*■>•»,  , /j 

9- 

When  a body  is  capable  of  being  raifed 
into  vapour  by  heat,  it  is  faid  to  be  volatile  : 
when  it  cannot  be  thus  raifed,  it  is  faid  to 
be fixed.  Thus,  fpirit  of  wine  is  eafily  dif- 
lipated  in  vapour,  and  thence  is  faid  to  be 
volatile  : earth,  not  being  capable  of  this, 
is  faid  to  be  fixed. 

So  fpirit  of  wine  is  faid  to  be  more  volatile 
than  water,  becaufe  it  is  difiipated  with  lefs 
heat.  Oil  of  vitriol  is  faid  to  be  more  fixed 
than  water,  becaufe  a greater  heat  is  required 
to  raife  it  into  vapour. 
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SECTION  I. 

IT  has  been  cuftomary  with  writers  on  this 
art  to  begin  their  difcourfes  with  an  account 
of  the  chemical  principles.  Of  thefe  princi- 
ples, they  fay,  all  bodies  are  compofed ; and 
into  them  are  capable  of  being  again  refolved. 
The  old  chemifts  reckoned  five  principles,  viz. 
fpirit,  fait,  oil,  water,  and  earth.  Later  authors 
have  added  air ; and  fome  others  : and  different 
writers  have  varied  them,  either  according  to 
their  own  fancies,  or  the  philofophy  of  the  day. 
The  do&rine  of  the  four  Ariftotelian  elements, 
earth,  water,  fire,  and  air,  has,  of  late  years 
been  revived,  and  admitted  by  very  eminent 
chemifts.  Earth,  in  particular,  has  been  con- 
fiaered  as  a principle  by  all  writers  on  this  fubje6t. 
But  falts  and  oils  are  known  to  be  compounds 
of  other  principles  •,  and  probably  the  like  holds 
good  alfo  with  the  reft.  For  thefe,  and  other 
reafons  we  fhall  not  enter  on  the  fubjedl  of  prin- 
ciples \ and  in  the  following  chapters  it  is  merely 
intended  to  give  the  reader  ideas  of  fome  of  thofe 
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chemical  fubftances  with  which  he  may  be  fup- 
pofed  not  to  be  fo  well  acquainted. 

CHAPTER  I. 

OF  WATER. 

WATER  is  a fubftance  fo  well  known, 
and  with  many  of  the  properties  of 
which  we  are  fo  well  acquainted  from  common 
experience,  that  much  will  not  be  required  to 
be  faid  concerning  it. 

It  is  tranfparent  when  pure,  and  without  either 
tafte,  frhell,  or  colour. 

With  a certain  degree  of  cold  it  is  converted 
into  an  hard  or  folid  fubftance  called  ice,  and 
with  fufficient  heat  it  is  turned  into  vapour. 

Water  is  a very  general  folvent.  Salts  of  all 
kinds  are  diftolved  by  it,  fome  in  greater,  others 
in  lefs  proportion  *,  fome  more  readily,  others 
more  flowly  •,  and  with  the  aid  of  heat,  the  folu- 
tion  is  not  only  effetted  in  lefs  time,  but  in  greater 
portion  than  otherwile.  Pure  gums,  and  mucil- 
lages  are  likewife  diftolved  by  this  liquid.  Many 
fubftances  which  it  cannot  diflolve  intirely,  it  can 
yet  diftolve  in  part,  as  vegetable,  animal,  and; 
many  of  the  mineral  fubftances. 

Watercannot  be  comprefled  into  lefier  dimen- 1 
fions  than  it  naturally  occupies,  or  its  compref- 
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Ability  is  fo  very  little,  that  it  needs  not  be  here 
confidered,  being  as  nothing  when  compared  to 
the  compreflibility  of  air  •,  neither  does  it,  like 
air,  expand  when  a force  comprefling  it  is  re- 
moved. 

Vegetable,  animal,  and  molt  of  the  mineral 
fubftances  contain  water  when  in  their  natural 

• • - »*•••'  • - ••  • • - ...  • • ) 1 . 1 

Rates : by  far  the  greater  part  of  the  blood  and 
juices  of  the  two  former  is  mere  water.  In  falts 
and  many  other  lubftances,  water  is  alfo  contained 
as  a neceflary  ingredient. 

Water  is  likewife  contained  in  molt  fubftances, 
not  in  its  fluid  form,  but  in  a ftate  of  combina- 
tion, forming  a folid  body.  What,  for  example, 
is  more  dry  or  folid  than  lignum  vita:  ? Yet  if  it 
be  diftilled,  without  any  addition,  in  a retort,  a 
vaft  quantity  of  water  may  be  obtained.  The 
like  may  be  obferved  of  the  horns  and  bones  of 
animals  ; of  lime  ftones ; and  many  other  fub- 
ftances. The  water  being  chemically  combined 
with  the  other  principles  of  thefe  bodies,  loft  its 
fluid,  and  aflumed  a folid  form.  But  when  the 
union  between  thefe  ingredients  was  deftroyed, 
the  water  reaflumed  its  fluidity. 

As  the  greateft  part  of  animal  fluids  is  mere 
water,  animal  food  muft  alfo  contain  this  liquid 
in  great  proportion.  Not  to  mention  the  liquids 
which  we  ufually  drink,  the  ftrongeft  of  which 
are  almoft  entirely  water,  the  moft  folid  of  our 
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aliment  contains  this  principle  in  very  great  quan- 
tity, as  is  plain  from  what  was  faid  above  of 
the  diftillation  of  animal  and  vegetable  fubftances-, 
which  make  up  almoft  thewholeof  our  folidfood: 

1 i /i  >rn 
• . - - ui 

Water  cannot  be  obtained  pure,  becaufe  it 
will  neceflarily  diffolve  many  particles  of  the  va- 
rious foils  through  which  it  paffes.  Hence  the 
difference  between  river  and  fpring  waters,  mine- 
ral waters,  fea  waters,  &c.  The  pureft  of  all 
is  rain  water.  But  for  nice  chemical  purpofes 
water  is  diftilled. 

• * r . n • ,•  • % ■ , . 

When  water  is  fufficiently  heated  it  boils.  The 
bubbles  which  then  arife  in  it  are  water  rendered 
elaftic  or  turned  into  a kind  of  air,  as  will  be 
fhewn  hereafter.  If  the  preffure  of  the  air  be 
leffened  or  removed,  the  water  boils  with  a lefs 
heat ; but  if  the  preffure  of  the  air  be  increafed, 
a greater  heat  is  required  to  make  it  boil  than 
otherwife.  It  is  remarkable,  that  after  water 
boils,  it  cannot  be  rendered  hotter  by  encrealing 
the  heat.  When  water  changes  from  a folid 
ftate,  or  ice,  to  a liquid  form,  cold  is  generated; 
and  the  like  happens  when  it  changes  from  a 
fluid  to  an  elaftic,  or  vapoury  ftate;  and  heat 
is  produced  in  the  contrary  cafes.  What  has 
been  faid  of  water  in  this  paragraph,  holds  good 
with  oil,  quickfilver,  and  other  fubftances.  But 
thefe  things  will  be  better  underftood  after  fome 
other  matters  have  been  explained,  wherefore  I 
ihall  not  at  prefent  enlarge  on  them. 
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CHAPTER  II. 

, ‘ •;  {'■.-■ 

OF  EARTH. 

1 • • • «-*  ^ 

, • - . c . r t i ...  I,  < . .. 

BY  earth  we  do  not  mean,  with  the  vulgar, 
foil,  or  dirt;  thefe  being  mixtures  of  earth, 
water,  oil,  falts,  and  other  matters.  The  earth 
bfchemiftry  is  that  fubftance  which  remains  after 
all  the  other  principles  are  expelled  from  a body 
by  heat. 

If  a leaf  be  careful'y  burnt,  the  falts,  water, 
oil,  and  other  principles  of  which  it  iscompofed, 
will  be  difiipated.  But  the  earth,  refilling  the 
force  of  fire,  will  remain  behind,  ftill  retaining 
the  lhape  of  the  leaf ; and  therefore  may  alfo  be 
faid  to  be  the  bafis  of  thefe  other  principles ; by 
means  of  which  they  were  the  better  enabled  to 
fuftain  the  form  into  which  they  were  contrived. 

The  general  chara&er  of  earth  is,  that  it  is 
fixed,  or  incapable  of  being  raifed  into  vapour 
by  any  heat  that  we  can  apply.  Some  earths 
cannot  even  be  rendered  fluid  by  our  fires,  but 
retain  their  dry  form  in  the  moll  intenfe  heat,  By 
heat  they  are  capable  ot  being  turned  into  glafs, 
either  alone,  or  by  fufion  with  fixed  alcalis. 

Philofophers  teach  that  there  is  but  one  kind 
of  pure  earth;  which  they  therefore  look  upon 
as  a principle ; and  call  it  elementary  earth.  All 
. . B 3 the 
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the  various  earths  which  we  are  acquainted  with, 
they  confider  only  as  pure  earth  adulterated  with 
other  principles  j and  imagine,  that  according 
to  the  fubftances  with  which  it  is  alloyed,  it 
forms  earths  of  different  kinds,  Thefe  alloys, 
they  add,  are  To  intimately  combined  with^the 
earth,  that  they  cannot  be  wholly  leparated  from 
it  by  any  methods  that  we  are  yet  acquainted 
with  ; and  therefore  the  latter  cannot  be  obtained 


It  is,  however,  fufficient  for  our  purpofe,  to 
confider  earths  in  thofeftates  in  which  we  ufually 
obtain  them.  For  whether  their  differences  be 
original,  or  accidental,  they  have  diftindt  and 
fpecific  properties  and  therefore  ought  to  be 
confidered  as  different  fubftances. 

i. 

• . . . - .•  . 

CRYSTALLINE  EARTH. 

Chemists  have  given  this  name  to  diamonds, 
flints,  cryftal,  and  other  hard,  tranfparent,  and 
infufible  ftones  •,  which  are  only  earth  in  a folid 
or  cryftalline  form.  They  are  known  from 
others  by  their  property  of  linking  fire  with  fteel. 
They  are  neither  foluble  in  acids,  nor  fufible 
by  fire.  When  mixed  with  alcaline  falts,  and 
expofed  to  an  intenle  heat,  ph'ey  melt  into  glafs. 
Could  they  be  fufed  without  fuch  addition,  the 
glafs  which  they  would  form,  would  be  much 
harder  than  any  that  art  has  yet  produced. 

2.  CALCAREOUS 

4 ✓ •'  * * 
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2. 

CALCAREOUS  EARTH. 

Qyx  cklime  is  pure  calcareous  earth.  It  is 
obtainable  from  lime-ftones,  chalk,  the  fhells  of 
animals,  marble,  and  fome  other  fubftances, 
by  calcination,  or  expelling  their  other  princi- 
ples by  heat.  It  is  infufible  by  our  fires.  In  its 
natural  ftate  (as  in  chalk,  the  common  abforbent 
or  teftaceous  powders,  &c.)  it  is  combined  with 
fixed  air,  and  is  then  called  mild  calcareous  earth. 
In  its  ftate  of  quicklime,  it  is  freed  from  fixed 
air,  and  is  then  laid  to  be  caujlic. 

This  earth  is  diftinguifhable  from  others,  by 
its  property  of  becoming  quicklime, on  expelling 
its  fixed  air  by  fire,  or  other  methods. 

It  is  likewife  foluble  in  water,  in  its  cauftic 
ftate,  and  then  forms  lime  water.  In  its  mild 

r 

ftate,  it  is  not  foluble. 

It  is  difiolved  by  acids,  either  in  its  mild  or 
cauftic  ftate.  If  in  its  mild  ftate,  it  effervefces ; 
the  fixed  air,  which  is  fet  free  by  the  acid,  raifing 
the  liquid  into  a froth  as  it  efcapes.  In  its  cauftic 
ftate  it  cannot  effervefce,  becaufe  it  contains  no 
air  to  be  extricated  by  the  acids  •,  the  folutions 
therefore  are  exactly  the  fame,  whether  cauftic, 
or  mild  calcareous  earth  be  ufed  ; the  air,  which 
conftituted  the  difference  between  them,  being 
expelled  and  diffipated  when  the  mild  earth  is 
employed. 

B 4 
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It  neutralizes  acids,  and  with  vitriolic  acid, 
it  forms  felenitis,  or  plaifter  of  paris. 

It  expels  volatile  alcali  from  a£ids ; and  unites 
withfulphur ; forming  a kind  of  hepar  fulpnuris. 

3* 

MAGNESIA. 

Like  calcareous  earth,  it  may  be  had  either 
in  a mild,  or  cauftic  ftate,  according  as  it  is  com- 
bined with,  or  free  from  fixed  air.  It  may  be 
obtained  from  Epfom,  and  fome  other  falts, 
either  by  precipitation  with  an  alcali,  or  by  cal- 
cination, by  which  the  acid  is  expelled. 

It  may  be  known  from  calcareous  earth,  by  its 
forming  fal  catharticus  amarus,  with  vitriolic 
acid  •,  which  is  eafily  foluble  in  water  ; whereas 
calcareous  earth  forms  with  the  fame  acid  felenitis, 
which  is  inloluble  in  water,  or  fo  little  foluble, 
as  not  in  this  cafe  to  be  confidered. 

It  may  be  precipitated  from  acids  by  volatile 
alcali. 

It  has  lefs  fpecific  gravity  than  calcareous 
earth,  efpecially  when  in  powder. 

4.  - 

ARGILLACEOUS  EARTH. 

It  is  contained  in  clay,  and  may  be  extracted 
by  the  vitriolic  acid,  with  which  it  forms  allum. 
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It  may  alfo  be  precipitated  from  allum  by  fixt 
or  volatile  alcali -,  and  as  this  is  the  method  by 
which  it  is  ufually  obtained  pure,  it  is  alfo  called 
earth  of  allum. 

It  is  foluble  in  other  acids : but  its  forming 
allum  with  the  vitriolic  is  alone  fufficient  to 
diftinguifh  it  from  other  earths. 

5 • 

METALLIC  EARTHS.  * 

The  fubftances  remaining  after  the  calcination 
of  metals  are  called  by  this  name.  Thus,  mi- 
nium, ruft  of  fteel,  and  mercurius  calcinatus, 
are  metallic  earths. 

They  have  this  remarkable  and  diftinguifhing 
property,  that  when  fufed  with  charcoal,  or 
other  inflammable  matter,  they  become  metals. 
Thus  minium,  treated  in  this  manner,  becomes 
lead ; and  mercurius  calcinatus,  quickfilver. 
This  is  called  reviving  them.  By  thefe  means 
they  may  be  known  one  from  another,  as  well 

i> 

as  in  general  from  other  earths.  They  may  alfo 
be  diftinguifhed  by  other  methods.  Thus, 

CALX  OF  COPPER, 

Combined  with  vitriolic  acid,  forms  blue 
vitriol. 

CALX  OF  IRON, 

Combined  with  the  fame  acid,  forms  green 
vitriol. 


CALX 
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CALX  OF  J.EAD, 

Combined  with  vegetable  acid,  forms  faccha- 
rum  l'aturni.  i his  calx  is  alio  foluble  in  oils. 

CALX  OF  MERCURY, 

Combined  with  nitrous  acid,  forms  lunar 
cryftal,  or  lunar  cauftic. 

CALX  of  zinc  *, 

Combined  with  vitriolic  acid,  forms  white 
vitriol : and  fo  of  others.  They  may  alfo  be 
charadterizeu  by  their  colour,  and  other  fenfible 
qualities,  but  the  reviving  them  is  frequently 
{he  moft  eligible  method  of  dilcovering  them. 

The  metallic  earths,  or  calces,  ufually  contain 
fixed  or  other  air;  which  the  phlogiftor),  by 
which  they  are  revived,  expels.  * 

ANIMAL  AND  VEGETABLE  EARTHS, 

•>v-  ^ ' 

Or  the  afhes  of  animal  and  vegetable  fub-i^ 
fiances,  freed  from  their  alcaline  falts. 

Thefe  are  various,  according  to  the  nature  of 
the  fubje&s  from  which  they  are  obtained.  Thus 
fome  animal  earths  are.  calcarious ; others  not. 
Some  are. more  eafy  of  fufion  ; others  lefs  ; and 
the  like  is  the  cafe  with  vegetable  earths.* 

It  would  take  up  too  much  room  to  enumerate 
their  different  kinds  ; and  much  more  the  various 
other  fpecies  of  earth,  mentioned  by  chemical 

writers ; 

* Calamine,  Tutty,  &c.  are  calces  of  zinc. 
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writers  ; many  of  which  are  only  compounds  of 
thofe  which  have  been  mentioned.  What  has 
been  faid  on  this  fubjedt  is  amply  fufEcient  to 
the  purpofe  of  the  prefent  work. 

; rr*  r ; ( ; ‘ '■  i * • . . 7li  JL 

CHAPTER  HI. 

OF  SALTS. 

SAlts  are  fubftances  having  tafte,  are  foluble 
in  water,  and,  for  the  molt  part,  incom- 
buftible;  • 

\ • \ rr  r 

They  are  divided  into  acid,  alcaline,  and 

neutral;  of  each  of  which  I fhall  give  a fepa- 
rate  account. 

I. 

OF  ACID  SALTS. 

Thefe  are  known  from  other  fubftances  by 
their  four  tafte,  and  by  their  changing  lyrup  of 
violets,  or  other  blue  vegetable  infufions  red. 
When  mixed  either  with  one  another,  with  alca- 
line falts,  with  metals  which  they  can  diflolve, 
or  with  water,  they  produce  heat with  ice  or 
fnow,  cold.  They  coagulate  animal  fluids  ; 
they  powerfully  attract  water,  infomuch  that  in 
the  pureft  ftate  in  which  we  commonly  tile  them 
they  are  combined  with  that  fluid.  Thus  oil 
of  vitriol  is  not  puf.e  vitriolic  acid,  but  that  acid 
and  water.  They  have  a ftrong  tendency  to 
unite  with  many  other  fubftances ; as  alcaline 

falts. 
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fairs,  earths,  metals,  animal  and  vegetable  fub- 
ftances, &V.  For  this  reafon  they  are  never 
found  pure,  but  combined  with  fome  of  thefe 
fubftances,  from  which  they  are  obtainable  by  art. 
Thus,  oil  of  vitriol  is  obtained  from  copperas  ; 
and  vinegar  .from,  fermented  vegetables.  They 
are  volatile,  and  refift  putrefa&ion  *,  they  are 
ufually  divided  into  four  kinds. 

. . ' i ' - } • ■ - » ■*  t . j - . • * • . - . . . . . . 4 • 

t. 

THE  VITRIOLIC  ACID, 

f,f,  ■ ilr  ’ r 

» ; • f - Jlw  f 'l-/  < » * • ■ • . . . • _ 

Or  that  which  is  obtained  from  copperas  by 
diftillation,  from  fulphur  by  burning,  and  from 
other  fubftances.  Thus,  oil  of  vitriol,  and 
fpirit  of  fulphur  by  the  bell,  are  vitriolic  acid, 
or  rather  that  acid  combined  with  water. 

It  is  diftinguiffiable  from  other  acids  by  the 
following  properties  : it  has  a ftronger  affinity 
to  alcaline  fairs  and  earths  than  the  other  three 
acids,  and  therefore  diftodges  them  from  thofe 
baf.s,  but  cannot  be  diftodged  by  them. 

When  concentrated  it  excites  a greater  degree 
of  heat  with  water,  than  any  other  acid. 

r 'j  j < . , • -'i  ”i'-  ••  t . » • * • -t 

It  does  not  fume  like  the  nitrous,  or  marine 
acids  *,  nor  has  it  either  colour  or  fmell,  if  pure. 

With 
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With  fixed  vegetable  alcali  it  forms  vitrio- 
lated  tartar ; with  foflil  alcali,  Glauber’s  fait  j 
with  argillaceous  earth,  allum;  with  calx  of  iron, 
copper,  or  zinc,  green,  blue,  or  white  vitriol  ; 
with  calcareous  earth,  fclenitis  ; and  with  mag- 
nefia,  Eplom  lalt : It  is  more  fixed  than  the 
other  three  acids. 

...  , • 1(0 

• . ■ : .r/irrr;:  ■■■  ,'•:/  • 

2. 

' ' • '*  . i .0  ;*  j ' . 1 ””1 G * * r*  ■* 

NITROUS  ACID, 

• — . f — • -r>0.  . . !»ct  31  4 tl.IOt 

Or  that  obtained;  from  faltpetre.  Thus  Glau- 
ber’s, fpirit  of  nitre,  and  aqua  fords,  are  nitrous 
acids,  difiolved  in  water. 

• . ‘ ; J • ' ? 

It  may  be  known  by  the  red  colour  of  its 
fumes  when  it  yields  them,  and  by  the  greater 
degree  of  cold  which  it  generates  with  ice  or 
fnow,  than  the  other  acids  : When  concentrated, 
it  produces  flame  being  poured  on  eflential  oils. 
With  fixed  alcalis  it  forms  nitres,  which  may  be 
known  from  all  other  neutral  falts,  by  their  pro- 
perty of  deflagrating  with  any  inflammable  mat- 
ter, in  a fuflicient  degree  of  heat ; and  with 
volatile  alcali,  it  forms  a fait  which  detonates 
in  a proper  degree  of  heat  without  the  addition 
of  any  inflammable  matter.  It  is  difplaced  from 
alcalis  by  the  vitriolic,  but  not  by  the  other 
two  acids  ; but  it  attracts  phlogifton  more 
ftrongly  than  either  of  them.  It  is  capable  of 
exifting  in  the  form  of  air. 


3.  MARINE, 
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MARINE,  Or  MURIATIC  ACID. 

Spirit  of  fea-lalt  is  what  we  underdand  by 
thei'e  terms  *,  it  is  didingtiiftied  by  the  following 
properties : , 

When  concentrated  it  is  lighter  than  the  vi- 
triolic or  nitrous  acids  ; of  a yellow  or  draw- 
eolour,  and  emits  white  fumes.  It  attracts  me- 
tals more  drongly  than  other  acids  i with  the 
foflil  alcali  it  forms  common  fait,  and  with  vo- 
latile alcali-,  fal-ammoniac  •,  it  is  diflodged  from 
alcalis  by  the  vitriolic  and  nitrous,  but  not  by 
the  vegetable  acid  ; it  is  obtainable  in  a fepa- 
rate  date  in  the  form  of  air. 

r t 
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VEGETABLE  ACID. 

Yinegar  is  mod  commonly  underdood  by  this 
term  *,  it  is  obtained  from  vegetables  by  fer- 
mentation. 

When  concentrated,  that  is,  when  difbilled 
from  verdegris,  or  from  fal  diureticus,  or  fugar 
of  lead,  by  means  of  the  vitriolic  acid,  or  other- 
wife,  it  emits  a mod  pungent  fmell. 

It  is  diflodged  from  alcalis  by  all  the  three 
preceding  acids ; with  fixed  alcali,  it  forms  diu- 
retic falts ; with  copper,  crydals  of  Venus  ; and 
with  lead,  laccharum  laturni. 
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Lemon-juice,  cream  of  tattar,  juice  of  forrel, 
and  others,  are  alfo  vegetable  acids  •,  they  are 
for  the  moft  part  weaker  than  vinegar,  that  is, 
are  diflodged  by  it  from  alcalis.  Cream  of 
tartar  forms  Rochelle  fait  with  fofill  alcali,  and 
loluble  tartar  with  fixed  vegetable  alcali  j neither 
of  which  can  be  obtained  by  ufing  vinegar. 
Cream  of  tartar  is  alfo  in  a folid  ftate,  contrary 
to  the  other  acids  i all  which  attract  water  fo 
powerfully  as  not  to  be  ufually  retained  in  this 
form. 

Thefe  are  the  acids  ufually  confidered  by  che- 
mifls  y but  there  are  others : for  example, 

5' 

THE  VOLATILE  VITRIOLIC  ACID, 

Or  aqua  fulphurata  of  the  London  pharma- 
copoeia, made  by  impregnating  the  vapours  of 
fpirit  of  vitriol  with  the  fumes  of  fome  inflam- 
mable fubftance,  or  rather  with  phlogifton. 

It  has  a very  fuffocating  fmell,  and  is  diffi- 
cultly concentrated  ; it  is  diflodged  from  alcalis 
by  the  vitriolic,  nitrous,  and  marine  acids ; but 
the  falts  which  it  forms  with  thofe  alcalis  tray, 
by  expofing  them  to  a gentle,  but  continued 
heat,  be  brought  to  the  fa;:  e ftate  as  thofe 
formed  by  the  common  vitriolic  acid  with  the 
fame  alcalis ; and  the  like  is  the  cafe  with  the 
acid  itfelf.  The  acid  is  capable  of  being  ob- 
tained 
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tainetl  from  the  water  by  heat,  in  the  form  of  a 
permanently  elaftic  vapour,  or  air.  It  may  be 
faid  to  be  the  vitriolic  acid  volatilized  by 
phlogifton. 

6. 

* f ' ' * r ' . 1 , . . 

THE  PHOSPHORIC  ACID. 

Phofphorus  is  a compound  of  phlogifton  and 
an  acid.  If  the  phofphorus  be  burnt,  the  acid 
remains  behind,  as  is  the  cafe  with  fulphur. 
It  may  alfo  be  obtained  by  diftillation,  from  the 
fufible  fait  of  urine  •,  and  by  other  means. 


It  is  the  molt  fixed  of  any  of  the  acids  •,  for 
it  may  not  only  be' evaporated  to  drynefs,  but 
will  bear  an  heat  capable  of  turning  it  into 
glafs. 


Diftilled  with  charcoal,  or  other  proper  in- 
flammable matter,  it  becomes  phofphorus. 


r* 
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AQUA  REGIA. 

This  is  not  a Ample  acid,  but  a compound  of 
the  nitrous,  and  marine-,  it  is  diftinguilhable 
from  others  by  its  property  of  diflolving  gold. 


8. 

SEDATIVE  SALT, 

Or  the  acid  of  borax,  and  which  may  be  ob- 
tained from  it  by  diftillation  with  oil  o'f  vitriol. 

It  is  folid,  and  verifiable  j with  the  foftil  al- 

, cali  it  recompofes  borax. 

1 • The 
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The  other  acids  are,  the  acid  of  amber,  of 
ants,  of  animal  fat,  of  the  S wedifh  fluor,  of  fugar, 
and  fome  others*.  But  thofe  already  difcourled 
of  are  more  than  fufficient  to  the  purpofe  of 
this  work.  Fixed  air  is  alfo  juftly  reckoned  by 
the  ingenious  Mr.  Bewly  and  others,  among  the 
acids, 

. * • * 7 

ir. 

OF  ALCALINE  SALTS. 

The  moll  diftinguifhing  chara&eriftics  of  al- 
calis,  are  their  acrid  urinous  tafte  •,  their  turn- 
ing blue  vegetable  infufions  green,  and  their 
uniting  with,  and  deftroying  the  four  tafte  of 
acids.  They  are  likewife  capable  of  uniting  with 
other  fubftances  : Thus,  with  oil  they  form 
foap  •,  and  with  fulphur,  hepar  fulphuris.  When 
combined  with  fixed  air,  or  in  their  mild  ft  ate, 
they  caufe  effervefcence  with  acids,  and  are 
capable  of  cryftallization ; but  not  in  their 
cauftic  one.  They  are,  like  acids,  obtainable  by 
art,  from  the  fubftances  which  contain  them. 
See  alfo  the  clofe  of  this  article. 

I.  FIXED  VEGETABLE  A I.  CAL  I. 

It  is  made  by  burning  land  plantstoalhes,in  an 
open  fire,  pouring  water  on  the  allies  to  diftolve 
the  falts,  then  filtering  and  evaporating  the  lo- 
lution  to  drynefs ; the  alcali  remains  behind. 
Thus,  fait  of  tartar,  fait  of  wormwood,  pearl 
allies,  and  the  like,  are  fixed  vegetable  alcalis . 

C 


* See  Bergman's  Tables. 
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It  attracts  acids  ftronger  than  volatile  alcalir 
earths,  or  metate  ; it  therefore  difplaces  thole 
fubftances,  but  cannot  be  diflodged  by  them. 

It  is  capable  of  converting  earths  not  other- 
wife  fujible , into  glafs  by  heat;  and  promotes 
the  fufion  and  vitreicency  of  others. 

In  its  cauftic  Rate,  it  diffolves  vegetable  and 
animal  fubftances  ; and  with  exprelfed  oil  forms 
common  foap.  It  is  not  volatile. 

With  vitriolic  acid  it  forms  vitriolated'  tartar ; 
and  with  the  nitrous  acid,  nitre.. 

It  attradls  water  from  the  air,  and  thereby 
becomes  liquid. 

2.  FIXED  FOSSIL  ALC  ALI. 

Called  alfo  natron,  and  fal  fodae.  It  is  ob- 
tained from  fea-plants,  in  the  fame  manner  as  the 
other  is  from  land  ones.  It  may  alfo  be  ex- 
tracted from  common  fait,  Glauber’s  fait,  and 
borax ; and  in  fome  parts  is  found  in  its  na- 
tural Rate.  Kelp  and  barilla  are  foffii  alcalis. 

It  differs  from  the  vegetable  alcali  in  feverai 
refpedts : It  does  not  liquify  in  the  air  •,  it  forms 
different  falts  with  acids ; thus,  with  the  vi- 
triolic it  forms,  not  vitriolated  tartar,  but  Glau- 
ber’s fait.  With  marine  acid,  it  forms  common 
or  fea-falt ; and  with  the  nitrous,  nitrum  cu- 
bicum.  It  is  not  volatile. 


3.  VOLATILE. 
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3.  VOLATILE  ALCALL 

This  is  obtained,  by  diftillation^  from  animal, 
and  fome  vegetable  fubftances,  efpecially  when 
putrid  j and  likewife  from  fal  ammoniac  by  the 
addition  of  fixed  alcali,  or  calcareous  earth. 
Volatile  fal  ammoniac,  and  fait  of  hartfhorn,  are 
volatile  alcalis ; fpirit  of  hartfhorn,  fpirit  of 
fal  ammoniac,  fpirit  of  urine,  &c.  are  volatile 
alcalis  difiolved  in  water. 

It  differs  in  feveral  refpedts  from  the  fixed  al- 
calis ; it  is  difplaced  by  them  from  acids,  and 
alfo  by  calcareous  earth. 

‘ - w i r 

It  is  volatile,  and  has  a very  ftrong  pungent 
fmell.  With  nitrous  acid  it  forms  a fait  which 
detonates  by  itfelf  in  a fufficient  degree  of  hear, 
called  nitrous  fal  ammoniac. 

With  marine  acid,  it  forms  common  fal  am- 
moniac. It  precipitates  magnefia,  earth  of  alum, 
and  metallic  calces  from  acids. 

, ✓ 

It  may  be  obtained  from  the  water  with  which 
it  is  combined  in  the  form  of  a permanently 
elaftic  air  •,  and  if  water  be  prefented  to  this  air, 
it  prefently  abforbs  it,  and  thereby  becomes  the 
fame  cauftic  liquid  alcali  as  that  obtained  from 
fal  ammoniac  with  quicklime. 
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REMARKS  ON  ALCALIS. 

All  thefe  alcalis  in  their  natural  ftate  arc  not 
pure,  but  mild,  or  combined  with  fixed  air. 
Hence,  when  they  are  mixed  with  acids,  they 
caufe  an  effervefcence  which  is  nothing  more 
than  this  air  extricated  from  them  by  the  acid, 
raifing  bubbles  as  it  efcapes  through  the  liquid. 
If  quicklime  be  mixed  with  them,  it  attradls  the 
fixed  air,  and  they  then  become  cauftic,  or  pure. 
Thus,  the  lixivium  faponarium  is  the  cauftic 
fixed  alcali,  and  the  fpiritof  fal  ammoniac,  made 
with  lime,  is  the  cauftic  volatile  alcali.  Cauftic 
alcalis  violently  attradt  water.  Hence  they  are 
ufually  in  a liquid  ftate  •,  but  they  may  be  ob- 
tained feparate  from  the  water.  Thus  lapis 
infernalis  is  the  dry  cauftic  fixed  alcali;  and 
alcaline  air  is  the  dry  cauftic  volatile  alcali.  The 
t cauftic  alcalis  form  the  fame  neutral  falts  with 

acids  as  the  mild  ones ; the  air  efcaping  when 
the  latter  are  employed. 

Volatile  alcali  contains  more  of  the  inflammable 
principle  than  the  fixed.  Hence  it  is,  that  ic 
detonates  with  nitrous  acid,  when  united  in  the 
form  of  nitrous  fal  ammoniac. 
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NEUTRAL  SALTS. 

They  are  formed  by  combining  acids  with 
alcalis  or  earths,  as  in  the  following  Table  : 

ACIDS. 


Vitriolic 

Acid. 

Nitrous 

Acid. 

Marine 

Acid. 

Vinegar. 

Cream  of 
Tartar. 

Fixed  Vegetable 
Alcaii. 

Tart.  Vitriol 

Nitre, 

Sal  Digeftiv. 

Sal  Piuretic. 

Tart.  Solub. 

Fofiil  Alcaii. 

Sal  Glaub. 

Nitr.  Cubic. 

Sal  Comm. 

Sal  Saignct. 

Volatile  Alcaii- 

Sal  Amm. 
Vitriolic. 

Sal  Ammon. 
Nitros, 

Sal  Amm. 
Commun. 

Sp,  Minder. 

Calcareous 

Earth. 

Selenitis. 

Nitr. Calcar. 

Liquidflicll. 

Magnefia. 

Sal  Cath. 
Amar. 

Argillaceous 

Earth. 

Alum. 

Calx  of  Iron. 

Green  Vitr. 

Calx  of  Copper. 

3tue  Vitriol 

/ - 

Cryf.  Ven. 

Calx  of  Zinc. 

White  Vitr. 

Ca(x  of  Lead. 

/ 

Sacc. Saturn. 

Calx  of 
Mercury. 

Lunar 

Cryftal. 

Merc.  Corr. 
Sublim. 

Keyfer’s 

Mercury. 

Regulus  of 
Antimony, 

Tart.  Emet.j 

Any  neutral  fait  in  the  table  is  formed  of  the 
acid  at  the  top  of  the  column,  and  ot  the  alcaii, 
pr  earth  on  the  left  hand.  Thus,  marine  acid 
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and foffil  alcali,  form  common  fait:  nitrous  acid 

and  fixed  vegetable  alcali,  nitre:  and  foof  others. 

The  alcali,  or  earth  of  a fait,  is  called  its  bafis  \ 
thus,  volatile  alcali  is  the  bafisof  fal  ammoniac  \ 
and  magnefia  is  the  bafis  of  Epfom  fait. 

The  phofphoric,  and  other  acids,  alfo  form 
falts  with  alcalis  and  earths.  But  as  they  are  not 
in  ufe,  I have  not  inferted  them.  Many  of  the 
fpaces  in  the  table  are  left  vacant  for  the  fame 
reafon  ; and  fomeof  thofe  that  are  fetdown  might 
have  been  omitted. 

Neutral  falts  are  ufually  divided  into  neutral, 
earthy,  and  metallic,  according  to  their  bafes. 

From  rnoft  of  the  two  latter  kinds,  the  acids 
may  be  expelled  by  heat.  But  in  thofe  with  al- 
caline  bafes  this  does  not  happen,  or  not  fa  eafily, 
by  reafon  that  their  principles  are  held  together 
by  ftronger  attractions, 

The  fairs  with  volatile  alcajine  bafes  are  vola* 
. file  j at  leaft  much  more  fa  than  the  others, 

Neutral  fairs  are  for  the  moft  part  capable  of 
being  cryffaiiized  ; but  the  form  of  the  cryftals 
in  each  fait  is  different,  In  their  cr)ftalline  Hate 
they  contain  a portion  of  water,  which  indeed 
is  neceffary  to  their  cryflalhzation.  Hence  they 
are  ilron^er  when  this  water  is  evaporated,  and 
they  ate  alfo  more  difficult  of  fufion. 


I,  VITRIOLATEH 


VITRIOLATED  TARTAR, 

It  is  compofed  of  vitriolic  acid  and  fixed 
vegetable  alcali,  remains  dry  in  the  air,  and 
requires  a great  quantity  of  water  to  difTolve  it. 
It  decrepitates  in  the  fire  •,  is  very  difficult  of 
fufion-,  is  not  foluble  in  fpirit  of  wine ; and  its 
crystals  are,  for  the  moftpart,  hexagonal  prifms. 
Its  tafte  is  bitterifh,  and  not  very  powerful.  It 
cannot  be  decompofed  by  alcalis,  nor,  in  the 
ufual  way,  by  acids.  Fufed  with  charcoal,  it 
forms  fulphur. 

2. 

Glauber’s  salt. 

It  is  a compound  of  vitriolic  acid  and  foffil 
alcali.  It  dries  into  a white  powder  in  the  air 
is  foluble  in  an  equal  weight  of  water,  and  is 
eafily  fufible.  Its  tafte  is  fomewhat  like  common 
fait,  but  more  bitter,  and  its  cryftals  are  hexa- 
gonal. It  is  not  capable  of  being  decompofed 
by  alcalis,  or  by  acids  in  the  ufual  way.  It  yields 
fulphur,  being  fufed  with  charcoal. 

3- 

NITRE. 

It  is  compofed  of  nitrous  acid,  and  fixed  vege- 
table alcali.  It  deflagrates  with  inflammable 
matter  in  a fufficient  degree  of  heat ; is  capable 
of  being  decompofed  by  vitriolic  acid,  when  it 
emits  red  fumes-,  is  eafily  fufible;  has  a fharp 
biting  tafte,  and  its  cryftals  are  hexagonal 
prifms, 

C 4 
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CUBIC  NITRE. 

It  differs  from  common  nitre  chiefly  in  the 

■ * 

figure  of  its  cryftals,  which  are  quadrangular, 
or  rhomboidah 


5' 

COMMON  SALT, 

Is  compofed  of  marine  acid,  and  foflil  alcali. 

It  is  capable  of  being  decompofed  by  vitriolic 
acid,  when  it  emits  white  fumes.  The  nitrous 
acid  likewifedecompoles  it.  It  is  foluble  in  about 
an  equal  quantity  of  water,  which  diffolves  as 
much  of  it  when  cold  as  by  the  afliltance  of  heat. 
Its  cryftals  are  cubic,  and  very  fmall.  It  de- 
crepitates in  the  fire,  and  is  difficult  of  fufion.  . 
Its  tafte  is  well  known.  If  pure  it  remains  dry 
in  the  air. 

6. 

SAL  DICEST1VUS, 

Differs  but  little  from  common  fait.  Its  tafte 
js  lefs  agreeable  ; and  with  vitriolic  acid,  it  forms 
vitriolatcd  tartar  •,  whereas  common  fait  forms 
with  the  fame  acid,  fal  Glauberi. 


SAL  DIURETICUS. 

It  is  compofed  of  the  acetous  acid  and  fixed 
vegetable  alcali. 

It  is  foluble  in  fpirit  of  wine,  and  very  eafily 
fo  in  water.  It  may  be  decornpoied  by  heat, 
and  by  the  vitriolic,  nitrous,  and  marine  acids, 

with 
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Vith  which  it  forms  tart.  vicr.  nitre,  and  digcf- 
tive  fait.  It  deliquiates  in  the  air.,  and  unites 
with  gujns  and  rofins. 

8. 

ROCHEL  SALT, 

Is  compofed  of  foffil  alcali,  and  cream  of  tar- 
tar. It  is  not  deliquifent  like  the  preceding 
fait.  It  may  be  decompofed  by  the  mineral, 
and  even  vegetable  acids  ; and  if  they  are  added 
to  this  fait,  dilfolved  in  water,  the  cream  of 
tartar  will  be  precipitated. 

9- 

SOLUBLE  TARTAR. 

It  is  a compound  of  cream  of  tartar  and  fixed 
vegetable  alcali.  Befides  its  being  lei's  fubjeft  to 
cryitallize,  and  to  remain  dry  in  the  air,  it 
may  be  known  from  Rochel  fait,  by  the  falts 
which  it  forms  with  vitriolic  and  other  acids. 
Yhus  the  vitriolic  acid  forms  vitriolated  tartar 
with  this  fait,  and  fal  Glauberi  with  the  Rochel. 

10. 

VITRIOLIC  SAL  AMMONIAC, 

Is  compofed  of  vitriolic  acid,  and  volatile 
alcali.  It  is  dccompofed  by  fixed  alcalis,  ^nd 
calcareous  earths,  which  prefently  difcover  its 
volatile  alcaline  bafis. 

It  is  difficultly  foluble  in  water,  and  not  at  all 
in  fpirit  of  wine. 
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NITROUS  SAL  AMMONIAC. 

It  is  a compound  of  nitrous  acid  and  volatile 
alcali.  It  attracts  water  from  the  air ; is  foluble 
in  fpirit  of  wine,  and  may  be  decompofed  by 
fixed  alcalis  and  calcareous  earth. 

It  may  alfo  be  decompofed  by  vitriolic  acid, 
when  it  emits  red  fumes. 

It  is  eafily  fufible,  and  may  be  known  from 
all  other  falts,  by  its  property  of  deflagrating  in 
a fufficient  heat,  without  addition. 


12. 

COMMON 'SAL  AMMONIAC, 

Is  a compound  of  marine  acid,  and  volatile 
alcali.  Its  bafis  may  be  detedled  by  fixed  alcalis, 
or  calcareous  earth,  and  its  acid  by  oil  of  vitriol, 
in  the  form  of  white  fumes. 

It  differs  alfo  from  the  vitriolic  fal  ammoniac 
in  being  foluble  in  fpirit  of  wine. 

Dififolved  with  common  fait  in  water,  it  pro- 
duces cold.  It  is  volatile. 

*3* 

VEGETABLE  SAL  AMMONIAC. 

It  is  formed  of  volatile  alcali,  and  vegetable 
acid.  Thus  fpiritus  Mindereri  is  this  fait  in  a 
liquid  form.  But  it  may  be  obtained  dry  by 
proper  methods. 


CHEMISTRY. 

Its  alcali  may  be  dete&ed  by  fixed  alcalis,  and 
calcareous  earths ; and  its  acid  by  either  of  the 
mineral  acids. 

It  eafily  deliquiates,  and  i3  copioufiy  foluble 
in  water,  and  in  fpirit  of  wine. 

>4* 

SELENITIS, 

It  is  compofed  of  vitriolic  acid  and  calcareous 
earth,  and  is  alfo  called  gypfum,  and  plaifter 
of  paris. 

It  is  difficultly  foluble  in  water,  and  requires 
a very  large  quantity  for  that  purpofe. 

Its  earthy  bafis  is  precipitated  by  fixed  alcalis. 
But  acids  do  not  decompofe  it.  Its  acid  however, 
may  be  difcovered  by  examining  the  fait  formed 
by  the  added  fixed  alcali,  which  will  be  vitrio- 
lated  tartar. 

15- 

sal  CATHARTICUS  AMARUS, 

Is  a compound  of  vitriolic  acid,  and  magnefia. 
It  is  readily  foluble  in  water,  and  in  great  quan- 
tity. But  it  is  notffufible. 

Its  bafis  may  be  precipitated  by  volatile  alcali, 
as  well  as  by  fixed,  in  which  refpedl,  among 
others,  it  differs  from  felenitis,  and  from  falts 
formed  by  other  acids  with  calcareous  earth. 

Its  acid  may  be  detected  by  the  vitriolated 
fartar  which  it  forms  with  fixed  alcali. 

16.  alum. 
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ALUM, 

It  is  formed  of  vitriolic  acid,  and  argillaceous 
earth.  It  is  eafily  fufible,  and  diftolves  in  about 
four  times  its  weight  of  water.  It  has  an  aftrin- 
gent  tafte,  and  its  cryftals  are  eight  Tided  pyra- 
mids. 

Its  bafis  may  be  precipitated  by  fixed  or  vola- 
tile alcali  •,  and  its  acid  may  be  known  by  the 
vitriolated  tartar  which  it  forms  with  fixed  vege- 
table alcali. 

17- 

green  VITRIOL. 

It  is  compofed  of  vitriolic  acid  and  calx  of 

iron  ; and  is  alio  called  fait  of  Jleel , and  copperas. 

• * 

Its  cryftals  are  green,  tranfparent,  and 
rhomboidal.  Its  acid  may  be  detected  by  the 
fait  formed  in  the  addition  of  fixed  vegetable 
alcali,  and  the  bafis  precipitated  thereby,  may 
alio  be  examined  and  difcovered.  See  earths, 

18. 

BLUE  VITRIOL, 

Is  compofed  of  vitriolic  acid,  and  calx  of 
copper.  Its  cryftals  are  blue,  and  their  tafte 
very  acrid  and  ungrateful. 

Its  principles  may  be  difcovered  by  the  means 
directed  in  the  laft  article. 


19.  WHITE 
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white  VITRIOL. 

It  is  a compound  of  vitriolic  acid  and  calx  of 
zinc.  Its  cryftals  are  white  and  fmall,  refem- 
bling  fugar  in  appearance.  Their  tafte  aftrin- 
gent  and  fweetifh.  Its  principles  may  be  detected 
as  in  green  vitriol. 

20. 

1 

SUGAR  OF  LEAD. 

It  is  compofed  of  acetous  acid,  and  calx  of 
lead. 

It  is  eafily  foluble  in  water;  of  a fweet  aftrin- 
gent  tafte;  and  its  cryftals  are  fmall  and  white. 

It  may  be  decompofed  by  either  of  the  alca- 
line  falts.  Its  acid  forms  diuretic  fait  with  fixed 
vegetable  alcali,  and  its  precipitated  bafis  may- 
be dete&ed  by  referring  to  the  chapter  on 
earths. 

21. 

• * . . , ...  t : , a . ; 

MERCURIUS  CORROSIVUS  SUBLIMATUS. 

It  is  a compound  of  marine  acid,  and  calx 
of  mercury ; it  is  foluble  in  fpirit  of  wine ; its 
tafte  is  naufeous  and  brafty,  and  it  is  volatile. 

Its  cryftals  are  fmall  and  white. 

; > • • / 

Its  principles  may  be  dete&ed  by  adding  alca- 
line  fait ; examining  the  precipitated  earth,  and 
the  neutral  fait  produced,  as  directed  in  the  four 
preceding  articles. 
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It  would  be  tedious,  and  unnecefiary  to  the  de* 
fign  of  this  work,  to  go  through  the  whole  num- 
ber of  neutral  falts  capable  of  being  formed  by 
acids,  alcalis,  and  earths.  Every  folution  of  a 
metal  or  earth  in  an  acid  may  be  confidered  in 
- this  view*,  being  only  the  fait  formed  by  the  acid 
and  its  bafis,  diffolved  in  water;  and  the  num- 
ber of  acids  and  bales  is  very  great.  Thofe  fairs 
which  have  been  confidered,  are  fufficient  to 
give  the  reader  an  idea  of  neutral  falts  in  ge- 
neral ; and,  together  with  what  will  be  faid  in 
the  following  chapters,  will  enable  him  to  un- 
derftand  the  nature,  as  well  as  to  difcover  the 
compofltion,  of  others. 

•,  CHAPTER  IV, 

OF  AIR. 

AS  the  do&rine  of  air  conftitutes  one  of  the 
molt  important  branches  of  medical  phi- 
lofophy,  it  will  be  necefiary  to  enlarge  on  it. 

Air  is  a fluid  furrounding  the  globe  of  the 
earth  to  a very  conflderable  height,  forming 
what  is  called  the  atniofphere . 

In  its  ufual  ftate  it  does  not  difcover  itfelf  to 
any  of  our  fenles  ; and  hence,  with  the  vulgar, 
air  and  nothing , are  fynonimous.  When  it  is  in 
motion,  it  is  perceptible  to  the  feeling  and  hear- 
‘ ing;  and  alfo  (by  its  effefts  in  moving  light  and 
flexible  bodies  : ) to  the  fight,  under  the  notion 
of  wind. 


\ 
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If  a bladder  be  filled  with  air,  it  may  be  ren- 
dered very  obvious  to  the  touch.  For  the  hand 
will  find  it  impoffible  to  comprefs  the  bladder, 
as  when  in  its  empty  ftate.  Alfo  if  you  attempt 
to  fill  a veffel  with  water,  or  any  other  fub- 
flance,  you  will  find  it  impradticable,  unlefs 
at  the  fame  time  you  let  out  a proportionable 
quantity  of  air  , as  may  be  obferved  to  great 
advantage  in  vefiels  with  narrow  necks.  Thefe 
are  not  only  proofs  of  the  exigence  of  air,  but 
alfo  of  its  impenetrability  \ or  property,  in  com- 
mon with  water,  and  other  bodies,  of  not  fuf- 
fering  any  other  fubftance  to  poifefs  the  fpace 
which  it  occupies,  otherwife  than  by  removing 
it  from  that  fpace. 

If  a bladder  filled  with  air  be  weighed  with  a 
very  nice  pair  of  fcales,  and  if  it  be  weighed 
again  after  the  air  is  forced  out  of  it,  it  will  be 
found  lighter  than  before  ; and  if  the  bladder 
be  very  large,  the  difference  of  weight  will  be 
feveral  grains.  From  hence  it  appears,  that  the 
air  is  alio  heavy  5 the  only  difference  between 
water  and  it,  in  this  refpedl  is,  that  water  is 
heavier  than  air  j in  the  fame  manner  that  quick- 
silver is  heavier  than  water. 

If  an  almoft  empty  bladder,  carefully  clofed, 
be  put  into  the  receiver  of  an  air-pump,  and 
then  the  air  be  gradually  withdrawn  from  the 
receiver,  the  bladder  will  begin  to  fwell,  and  at 
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length  appear  full  blown.  But  if  the  air  be* 
again  gradually  let  into  the  receiver,  the  blad- 
der will  lofe  its  bulk  by  degrees  till  it  appears 
as  empty  as  before. 

From  hence  it  appears,  that  the  fame  quan- 
tity of  air  is  capable  of  expanding  itfelf  into  a 
greater  bulk  than  that  under  which  it  ufually  eX- 
ifts.  To  underftand  the  reafon  of  this,  it  is  to  be 
oblerved,  that  the  air  naturally  contained  in  the 
receiver  prefies  upon  the  bladder  on  every  fide, 
and  thereby  comprefies  it  into  its  feemingly  al- 
moft  empty  flate.  When  part  of  the  air  in  the 
receiver  was  pumped  out,  the  comprefiion  of 
the  bladder  became  lei's  than  before  ; and  there- 
fore the  air  within  it  was  luffered  to  expand 
itfelf,  and  thereby  fwell  the  bladder.  As  more 
air  was  drawn  out,  and  the  preffure  upon  the 
bladder  became  Id’s,  the  included  air  had  ftill 
greater  liberty  to  expand,  till  at  laft  the  bladder 
was  perfectly  diftended.  When  the  air  was  again 
let  into  the  receiver,  and  tire  comprefiion  of  the 
bladder  began  to  be  increafed,  the  included  air 
was  forced  into  Idler  bulk.  As  more  air  was 
let  in,  and  the  prefiure  became  greater,  the  in- 
cluded air  was  forced  into  Hill  lei's  dimenfions, 
till  at  length  the  bladder  appeared  as  empty  as 
before. 

Air  therefore,  naturally  expands ; and  it  is 
kept  in  its  ufual  bulk  or  dimenlions  by  the 
prelfure  of  other  air  incumbent  on  it ; and  in 
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this  view  its  elafticity  is  alfo  called  its  fpring. 
A fteel  fpring,  for  example,  if  bent  by  means 
of  four  pound  weights,  continues  bent  to  the 
fame  degree  as  long  as  the  weights  remairt 
on  it.  If  one  of  thole  weights  be  removed,  the 
fpring  in  part  recovers  itfelf,  or  becomes  lefs 
bent.  If  another  of  the  weights  be  removed, 
it  recovers  itfelf  more  ; if  a third  weight  be  re- 
moved, it  recovers  itfelf  Hill  further ; and  if  the 
fourth  be  alfo  removed,  the  fpring  will  be  quite 
unbent,  or  in  its  natural  ftate.  But  if  the 
weights  be  afterwards  added  in  the  order  that 
they  were  taken  away,  it  will  again  be  bent  by 
the  fame  degrees,  till  it  returns  to  the  ftate  it  was 
in  before ; and  will  continue  in  that  bent  ftate 
as  long  as  the  weights  remain  on  it. 

The  air  around  us  therefore  is  in  a com- 
prefled  ftate,  or  forced  into  lefs  fpace  than  it 
would  occupy  if  it  was  free.  The  caufe  of  this 
compreftion  will  be  feen  when  we  treat  of  the 
weight  of  the  air.  The  fa£t  alone  is  fufficient 
for  our  prelent  purpofe. 

Over  the  month  of  a bafon,  or  other  proper 
veftel,  tie  a piece  of  bladder  or  thin  parchment, 
fo  that  no  air  may  pafs  either  to  or  from  the 
veftel  and  let  it  be  fufficiently  tight,  yet  fo  as 
that  it  may  be  bent:  if  you  place  a weight  on 
this  cover,  you  will  find  that  it  will  be  prefled 
down  into  an  hollow,  or  below  the  level  of  the 
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britn  of  the  veffel ; and  if  you  add  more  weights, 
this  will  happen  in  a Hill  greater  degree.  But 
if  the  weights  be  removed,  the  cover  will  return 
to  a level  with  the  vdTel’s  brim,  as  at  firft. 

From  lienee  it  appears,  that  air  is  capable  of 
being  compreffed  into  leffcr  dimenlion  or  fpace 
than  that  which  it  ufually  pofiefies  •,  and  that  is 
returns  to  its  wonted  bulk,  when  the  compref- 
fing  caufe  is  removed.  Thus,  if  to  the  four 
weights,  already  comprefiing  the  fpring  in  the  laft 
cafe,  a fifth  iliould  be  added,  the  fpring  will  be 
bent  ftill  further  than  it  was  before ; and  if  ^ 
lixth  be  added,  this  will  take  place  in  a yet  greater 
degree  but  if  the  two  additional  weights  be  re- 
moved, the  fpring  will  return  to  the  fame  ilate 
as  before  they  were  added. 

Air  therefore  when  comprefied  endeavours, 
like  a fpring,  to  recover  itfelf  •,  and  that  endea- 
vour is  ftronger,  as  the  comprefiing  force  is 
greater.  If  a tube  be  ftopt  at  both  ends  with 
wads  of  paper,  and  one  of  thefe  be  forced  into 
the  tube  by  a rammer,  the  air  between  the 
wads  will  be  comprefied ; and  in  its  endeavour 
to  recover  itfelf,  will  force  out  the  paper  at  the 
farther  end.  So  if  a blown  bladder  be  vio- 
lently comprefied,  the  air  contained  in  it,  by  en- 
deavouring to  recover  its  former  dimenfions,  will 
burfl  the  bladder;  and  many  other  infiances  of 
the  kind  will  occur.  Thus  the  phenomena 
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of  the  air-gun  depends  on  this  property  of  the 
air. 

Squeeze  almoft  all  the  air  out  of  a bladder, 
and  clofe  its  neck  with  a firing  • if  the  bladder 
be  brought  near  the  fire,  it  will  fwell  5 and,  if 
the  heat  be  fufficient,  will  be  puffed  up  like  a 
bladder  full  blown.  Remove  the  bladder  to  a 
cold  place,  it  will  continually  contract  in  its 
bulk,  till  it  appears  as  empty  as  before. 

Alfo  fill  a bladder  with  air  in  a warm  room, 
or  in  the  fummer,  and  remove  it  to  a colder 
room,  or  keep  it  till  winter,  you  will  find  that 
it  is  contracted  in  its  dimenfions.  Reftorc 
the  bladder  to  the  warm  room,  or  keep  it  till 
fummer,  it  will  appear  as  bloated  as  before. 

From  hence  it  appears,  that  the  fame  quan- 
tity of  air  is  capable  of  being  expanded,  or  in- 
creafed  in  bulk  by  heat,  and  contracted,  or 
leffened  in  bulk  by  cold ; or  in  other  words, 
that  its  elafticity  or  fpring.  is  increafed  by  heat/ 
and  weakened  by  cold.  It  will  be  flaevvn  here- 
after, that  the  elafticity  of  the  air  probably  de- 
pends entirely  on  heat. 


Having  pretnifed  thefe  properties  of  air,  we 
ma)  proceed  to  explain  the  general  conftruc- 
tion  of  the  atmofphere. 
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Air  is  a fluid,  reaching  from  the  furface  to 
many  miles  above  the  earth,  and  encompafling 
the  whole  globe,  as  hath  been  amply  demon- 
ft  rated  by  philofopbers. 

The  upper  part  of  this  air  is  expanded  into 
its  utmoft  or  natural  bulk.  The  air  next  under 
this,  is  prefled  upon  by  the  weight  of  that 
above  it  •,  and  therefore  is  forced  into  lefler 
dimenflons  than  it  would  have  if  not  thus  pref- 
fed  upon.  The  air  next  under  thefe  will  be  ftill 
more  prefled,  by  reafon  of  the  weight  of  both 
the  above-mentioned  quantities  of  air  on  it,  and 
therefore  will  be  forced  into  a bulk  ftill  lefs  than 
that  which  is  next  above  it ; and  in  like  man- 
ner we  may  imagine  of  the  air  beneath  this-, 
and  fo  on  continually,  till  we  arrive  at  that 
which  refts  upon  the  furface  of  the  earth,  which 
will  be  moft  comprefled  of  all. 

To  obtain  a dearer  idea  of  this  matter,  take 
a quantity  of  wool,  and  place  one  lock  or  fleece 
qf  it  upon  the  ground,  that  fleece  will  be  of  its 
natural  bulk.  If  upon  this  fleece  you  lay  ano- 
ther, the  upper  one  will  be  of  its  natural  bulk ; 
,but  the  under  one  will  be.  comprefled  into  lefler 
dimenflons,  by  the  weight  of  that  which  is  upon 
it.  If  a third  fleece  be  added,  the  under  one 
will  be  comprefled  ftill  more,  and  the  fecond 
will  be  in  the  fame  itate  as  that  was  juft  before. 
By  adding  continually  to  the  pile,  the  under- 
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moft  fleeces  will  be  ftill  more  prefled  upon  by 
the  increafed  weight  of  thofe  above,  and  there- 
fore be  forced  into  ftill  lefs  dimenfions  i and 
thofe  which  are  neareft  to  the  bottom,  will  of 
courle  fuffer  the  greateft  compreflion. 

If  now  you  remove  thefe  fleeces  one  by  one, 
thofe  which  fucceflively  become  uppermoft  will 
recover  their  natural  bulk,  and  the  prefiure 
upon  the  under  ones  will  alfo  become  lefs  in 
proportion.  When  they  are  all  removed,  that 
which  was  undermoft  will  alfo  recover  its  natural 
dimenfion,  or  return  to  the  fame  ftate  as  before 
the  experiment. 

The  air  above  prefles  on  that  which  is  be- 
neath, in  like  manner  as  hath  been  fhewn 
with  regard  to  the  fleeces  of  wool.  The  upper- 
moft air  is  expanded  into  its  natural  bulk,  and 
that  beneath  is  continually  more  and  more  com- 
prefled  by  the  weight  of  that  which  is  above, 
till  we  arrive  at  the  earth’s  furface,  where  the 
compreflion  is  greateft  of  all.  ' 

From  hence  it  appears,  that  if  a bladder  be 
filled  with  the  air  at  the  top  of  the  atmofphere, 
and  brought  down  from  thence  towards  the 
earth,  it  will,  by  reafon  of  the  continual  increafc 
of  compreflion,  be  forced  into  lefs  and  lefs  di- 
menfions ; and  the  bladder  will  therefore  ap-. 
pear  to  become  more  and  more  empty, 
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Alio  if  a bladder  almoft  empty  of  air,  fuch 
as  it  is  at  the  bottom  of  the  atmofphere,  be  car- 
ried upwards,  it  will  fwell  in  proportion  to  the 
afcent,  by  reafon  that  a lefs  weight  is  incum- 
bent on  it  than  before.  You  may  prove  both 
thefe  cafes  by  carrying  a bladder  not  full 
blown  from  the  bottom  to  the  top  of  an  high 
mountain,  for  it  will  be  larger  when  you  arrive 
at  the  top  ; and  on  the  contrary,  if  you  fill  the 
bladder  at  the  top  of  the  mountain,  it  will  ap- 
pear to  be  partly  empty  when  you  defcend  to 
the  bottom.  Thus  the  bottom  fleece  of  wool, 
if  removed  higher  to  the  top,  will  enlarge  its 
dimenfions  i but  if  one  of  the  middle  fleeces  be 
placed  at  the  bottom,  its  dimenfions  will  be- 
come lefs, 

If  you  weigh  a bladder  partly  emptied  of  air, 
and  then  by  means  of  heat,  or  the  air-pump 
caufe  the  air  in  it  to  fwell  or  expand,  it  will  not 
weigh  heavier  than  it  did  before : for  the  quan- 
tity of  air  which  the  bladder  contained,  was  the 
fame  when  it  appeared  full  as  when  it  feemed 
partly  empty.  Thus,  a fleece  of  wool  in  its 
natural  ftate  does  not  weigh  heavier  than  when, 
fqueczed  or  twilled  up  into  an  hard  ball,  the 
quantity  of  wool  being  the  fame  in  both  cafes. 

From  hence  alfo  it  is  plain,  that  if  a bladder 
be  filled  with  air  as  it  is  in  its  expanded  flate  at 
the  top  of  the  atmofphere,  it  will  not  weigh  lb 
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heayy  as  if  filled  with  air  at  the  bottom,  becaufe 
in  the  latter  Cafe  a greater  quantity  of  air  is  con- 
tained in  the  fame  bulk.  Thus  the  fame  blad- 
der filled  with  wool  put  in  lightly,  will  weigh 
lighter  than  if  filled  with  wool  in  a comprelfed 
Rate.  Alfo  if  the  bladder  be  filled  with  air, 
any  where  in  the  middle  of  the  atmofphere,  it 
will  weigh  heavier  than  if  filled  at  the  top,  and 
lighter  than  if  filled  at  the  bottom ; for  reafons 
which  will  be  obvious  from  what  has  been  faid. 

When  the  fame  quantity  of  air  is  expanded 
into  a greater  bulk,  it  is  laid  to  be  rare,rarejiedi 
expanded,  or  to  have  a lefs  Jpccific  gravity. 
When  comprelfed  into  lelfer  dimenfions,  it  is  faid 
to  be  denfe,  condenfed,  or  to  have  a greater  fpecifie 
gravity , agreeable  to  what  was  faid  on  thefe 
points  in  the  definitions, 

* 

From  this  general  account  of  the  ftrufture  of 
the  atmofphere  we  may  be  enabled  to  reafon 
concerning  its  prclfure, 

I Ihewed  before  that  the  air  was  heavy  \ 
and  the  comprelfed  Hate  of  the  air  near  the 
earth  has  alfo  been  Ihewn  to  be  an  effect  of 
this  property.  Imagine  a fquare  to  be  drawn 
on  the  ground  which  meafures  every  way  a foot, 
and  iiippofe  a column  of  air  of  the  fame  di- 
men fion  with  this  fquare,  reaching  from  the 
ground  to  the  top  of  the  atmofphere,  it  is  de- 
monftrated  by  philofophers  that  it  would  weigh 
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2000  pounds.  The  whole  furface  of  the  earth 
contains  5547800000000000  of  fuch  fquare 
feet,  and  therefore  the  preffure  or  weight  of 
the  whole  atmofphere  on  the  earth’s  furface  is 


of  the  human  body  contains  about  14  fquare 
feet,  the  air  therefore  preffes  on  it  with  a weight 
equal  to  28000  pounds  j and  in  like  manner  it 
preffes  on  other  bodies,  according  to  the  quan- 
tity of  their  furface.  This  preffure  however  is 
not  ufually  fenfible,  becaufe  the  air  contained  in 
bodies,  and  comprcffed  by  that  weight,  equally 
refills  it  by  its  elaltic  force.  Thus,  a fteel 
fpring  bent  with  a four  pound  weight  refills 
any  farther  flexion  by  that  weight.  But  if  the 
fpring  fhould  happen  to  be  weakened,  the 
weight  would  then  bend  it  more ; if  it  fhould 
be  ftrengthened,  its  flexion  would  on  the  con- 
trary be  lefs.  Iq  like  manner,  if  the  refillance 
of  the  air  contained  in  bodies,  becomes  either 
greater  or  lefs  than  the  preffure  of  the  atmo- 
fphere on  them,  the  fuperior  or  inferior  force 
of  that  preffure  would  then  become  manifefl. 
We  muff  however  except  thole  bodies  which 
are  of  fo  firm  or  rigid  a texture  as  not  to  be  in- 
fluenced by  thefe  cireumilances.  Thus  air  may 
be  very  much  rarified  or  condenl'ed  in  clofe  me- 
tallic or  other  veffels  •,  and  thefe  veffels  wall  not 
manifefl;  any  figns  either  of  contradlion  or  ex- 
,-panfion : tho’  even  thefe  will  be  burft  by  air, 
when  fufficiently  condenl’ed  in  them. 


110956000000000000,00  pounds.  The  furface 
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In  the  veffel  covered  with  bladder,  before  de- 
fcribed,  we  find  that  the  internal  and  external 
air  prefs  equally  againft  the  bladder,  and  there- 
fore its  furface  remains  level  with  the  brim  of 
the  veffel.  If  the  bottom  of  the  veffel  be 
warmed,  fo  as  to  heat  the  included  air,  and 
thereby  increafe  its  elafticity,  the  bladder  is 
driven  upwards  ; which  argues  that  the  refiftance 
of  the  included  air  is  become  greater  than  the 
preffure  of  the  external. 

On  the  contrary,  if  we  place  the  veffel  in  a 
mixture  of  fait  and  fnow,  fo  that  the  internal 
air  may  be  cooled,  and  its  fpring  weakened,  the 
bladder  will  be  driven  downwards,  a proof  that 
the  preffure  of  the  external  is  become  greater 
than  the  refiftance  of  the  internal  air. 

If  this  veffel  be  put  under  an  air-pump,  and, 
by  means  of  a hole  properly  contrived,  the  air 
which  it  contains  be  drawn  out,  there  is^faid  to 
be  avacuum  made  in  it,  by  real'on  that  it  is  empty 
of  all  fenfible  matter.  The  refiftance  within  the 
veffel,  to  the  external  air,  is  therefore  entirely 
deftroyed,  and  the  preffure  of  the  latter  will  be 
fieen  to  be  io  powerful,  that  it  will  break  the 
bladder  and  rufh  into  the  veffel  with  a great  noife, 
in  order  to  fill  up  the  vacuum. 

If  part  of  the  air  be  fucked  out  from  a vial, 
the  refiftance  of  the  internal  air  will  be  lefs  than 
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the  preffure  of  the  external  •,  or  to  fpeak  in  the 
language  of  pliilofophy,  a partial,  or  imperfedb 
vacuum  will  be  made  in  it.  The  lip  therefore 
will  be  preffed  into  the  vial  by  the  external  air, 
nor  can  they  be  leparated  without  fome  force, 
and  then  the  air  rulhes  in  to  fill  up  thevacuum. 

I 1 • 

If  the  pifton  of  a fyringe  be  withdrawn,  a 
partial  vacuum  will  be  made;  and  the  air  will 
rulb  in  at  the  orifice  of  the  pipe  as  jfaft  as  pof- 
fible,  to  reftore  the  equilibrium  ; or  if  the  pipe 
be  placed  in  water,  the  preffure  of  the  air  on 
the  furface  of  that  liquid  will  drive  the  water 
into  the  fyringe. 

But  the  preffure  of  the  air  is  in  no  inftance 
more  confpicuous  than  in  the  barometer.  If  a 
flender  glafs  tube,  a yard  in  length,  be  filled 
with  quickfilver,  then  turned  upfidedown,  with 
the  open  end  in  a bafon  of  that  metal,  the  quick- 
filver will  run  out  of  the  tube  into  the  bafon, 
till  it  has  funk  about  five  or  fix  inches,  but  after 
that  it  ceafes  to  flow  : for  it  is  fupported  at  the 
height  of  about  thirty  inches  by  the  preffure  of 
the  air,  and  this  is  the  method  by  which  we  know 
the  exadt  weight  of  a column  of  air,  reaching 
from  the  bottom  to  the  top  of  the  atmofphere  •, 
for  the  quickfilver  is  fupported  in  the  tube,  by 
the  refiftance  or  preffure  of  a column  of  air,  equal 
in  diameter  to  that  of  the  quickfilver,  and  reach- 
in  <?  from  the  mouth  of  the  tube  (or,  which  is  the 
i fame 
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fame  thing  in  effcft,  the  furface  of  the  mercury 
in  the  bafon)  to  the  upper  part  of  the  atmofphere, 
and  therefore  the  weight  of  iuch  a column  of  air 
is  exa&ly  equal  to  the  weight  of  the  quickfilver 
in  the  tube,  they  precifely  balancing  each  other* 
and  if  the  tube  was  a i'quare  foot  in  width,  the 
weight  of  the  mercury,  and  in  courfe  that  of  the 
air,  would  be  at  leaft  two  thoufand  pounds,  as 
mentioned  before* 

But  the  atmofphere  is  not  always  of  the  fame 
height  at  the  fame  place,  or  in  other  words,  a 
column  of  air  of  the  fame  diameter,  does  not 
always  weigh  exa&ly  the  fame  j for  the  atmo- 
fphere, like  the  fea,  is  fubjecf  to  Boxes  and  per- 
turbations, which  will  therefore  caufe  it  to  be 
higher,  and  heavier  at  fome  parts  of  the  earth 
than  at  others  j and,  at  different  times,  in  the 
fame  place.  Thus,  fometimes  the  quickfilver 
js  fupported  at  the  height  of  thirty-one  inches, 
at  other  times  only  at  twenty-eight,  and  at  others, 
fame  where  between  thefe  > and  the  ufe  of  the 
barometer  is  to  ihew,  by  the  height  of  the  quick- 
filver,  the  weight  of  the  air.  But  another  ufe 
of  the  barometer  is,  to  Blew  the  ftate  of  the  wea- 
ther with  refpedl  to  rain.  When  the  air  is  hea- 
vier, it  is  alfo:  denier  in  courfe,  and  therefore 
the  clouds  will  be  borne  up  higher,  and  prevented 
from  falling  hence  the  weather  is  at  thofe  times 
fair.  But,  when  the  atmofphere  is  lighter,  the 
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clouds  are  fuffered  to  defcend  to  the  earth,  and 
then  we  have  rain,  fnow,  &c. 

It  may  be  proper  to  obferve  that  the  air  does 
not  prefs  directly  downwards  only,  but  every  way 
alike.  Thus,  if  a vacuum  be  made  in  a vefTel, 
and  its  mouth  be  held  downwards,  the  air  will 
prefs  on,  and  rulh  into  it  as  well  as  if  its  mouth 
were  upwards.  For  every  part  of  the  air  at  the 
bottom  being  prelfed  by  that  above,  wherever 
there  is  a vacuity,  the  air  around,  in  confcquence 
of  the  p refill  re,  will  rufh  thither,  and  thereby 
reftore  the  equilibrium. 

The  atmofphere  is  always  moift  in  a greater 
or  lefs  degree,  from  the  quantity  of  aqueous  va- 
pour which  it  contains.  Thus,  if  you  expofe 
fait  of  tartar  to  the  air,  it  will  in  a little  time 
attract  fo  much  water  from  it,  as  to  make  it 
liquid,  and  it  will  be  dilfolved  in  greater  or  lefs 
time,  according  as  the  air  happens  to  be  more 
or  lefs  moift.  The  hygrometer,  or  inftrument 
for  meafuring  the  moift ure  of  the  air,  is  con- 
ftrudted  on  this  principle.  An  oat  beard,  when 
the  air  is  dry,  is  twilled  up,  and  therefore  fhorter; 
but  when  the  air  is  moift,  it  is  relaxed,  or  un- 
twifted,  by  reafon  of  its  attracting  that  moifture  •, 
and  the  length  which  it  acquires  in  confequence 
thereof,  indicates  the  degree  of  the  moifture  of 
the  air. 
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The  air  has  alfo  a power  of  diffolving  bodies 
in  rhe  manner  of  a menftruum,  according  to  the 
prefent  philofophy.  If  a fait  of  any  kind  be 
put  into  water,  the  water  will  diffolve  it ; and 
the  folution  will  be  haftened  by  agitation  andf 
heat.  In  like  manner,  if  water  be  expofed  to 
air,  the  air  diffolves  it,  and  if  the  air  be  hot, 
and  the  water  agitated  by  wind,  or  any  other 
caufe,  the  folution  takes  place  the  fooner.  Water 
when  hot  will  alfo  diffolve  a greater  quantity 
of  a fait  than  it  can  retain  when  cold  ; and  hence 
it  cryftallizes.  In  like  manner  air,  in  a hot  fum- 
mer’s  day,  diffolves  a large  quantity  of  water, 
which  it  depofits  in  the  night,  or  when  cold,  in 
the  form  of  dew.  Vegetable,  animal,  and  moll 
other  iubftances  are  alfo  capable  of  being  dif- 
folved  by  air.  Thus,  the  flefh  of  a dead  animal, 
expofed  to  the  air,  will,  in  time,  entirely  difap- 
pear. 

For  thele  reafons,  and  alfo  on  account  of  the 
fleams  and  exhalations  which  are  continually 
rifing  into  the  atmofphere,  from  the  bowels  of 
the  earth,  it  is  plain  that  air,  any  more  than 
water  or  earth,  cannot  be  obtained  pure;  and 
it  is  alfo  evident,  that  on  account  of  the  various 
natures  of  thefe  exhalations,  and  of  the  winds 
which  bring  them  from  different  parts,  the  air 
will  be  adulterated  in  a different  manner,  not 
only  at  different  parts  of  the  earth,  according  to 

the 


the  nature  of  the  foil,  but  alfo,  at  different  times, 
in  the  fame  part. 

When  air  is  rarefied  in  any  particular  part  of 
the  atmofphere,  by  heat,  or  otherwifc,  the  air 
around  will  flow  towards  that  part,  to  reftore  the 
equilibrium  j and  this  motion  or  flux  of  the  air 
we  call  wind. 

The  efFe&s  of  air,  in  its  different  ftates,  on 
the  body,  will  be  confidered  in  a future  and  more 
proper  place. 
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CHAPTER  V. 


OF  THE  DIFFERENT  KINDS  OF  AIR. 

ILL  within  thefe  few  years  paft,  philofo- 


phers  had  no  idea  of  any  more  than  one 
kind  of  air.  They  confidered  it  as  an  element ; 
and  whatever  differences  they  found  in  air,  in 
different  circumftances,  they  imputed  entirely 
to  the  admixture  of  foreign  matters,  from  which 
the  air  was  capable  of  being  obtained  in  the  fame 
pure  ftate  as  before.  They  reafoned  about  air 
then  in  the  fame  manner  as  we  do  now  concern- 
ing water.  The  induftry  of  philofophers  how- 
ever, has  let  us  right  in  thefe  matters. 


There  are  certain  proceffes  in  chemiftry,  which 
the  later  writers  on  that  art  term phlogijlic.  Thus, 
combujlion , or  the  burning  of  bodies,  is  a phlo- 
giftic  procefs ; fo  likewife  are  refpiration,  and 
lome  others.  The  theory  of  thefe  proceffes 
will  be  explained  more  at  large  in  a future  chap- 
ter. The  effedt  only,  will  be  fufScient  to  illuf- 
trate  the  fubjeft  in  hand. 

If  a candle  be  burnt,  or  an  animal  breathes, 
in  a given  quantity  of  air,  it  is  well  known  that 
the  or  e will  fqon  be.  extinguifhed,  and  the.  other 
0 . die. 
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die.  Thefe  effects  will  happen  fooner,  accord- 
ing as  the  quantity  of  air  is  lefs.  The  fadts  may 
eafily  be  proved  by  putting  the  candle,  and  the 
animal,  in  glafs  veffels,  of  proper  fizes,  filled 
with  common  air* 

The  effect  which  thefe  proceffes  have  on  air, 
is  to  diminifh  it  in  bulk.  If  we  fix  a lio-hted 

O 

candle  into  an  inverted  glafs  receiver,  and  im- 
mediately place  its  mouth  in  water,  we  find, 
that  when  the  candle  is  extinguifhed,  and  the 
air  in  the  receiver  cool,  the  water  will  rife  up  into 
the  neck  of  the  veflcl,  higher  than  it  did  at  the 
beginning  of  the  procefs,  and  therefore  the  air 
was  diminifhed. 

If  an  animal  be  put  into  the  veffel,  and  fuf- 
fered  to  remain  there  till  it  expires,  the  air  will 
be  (till  further  diminifhed,  than  by  the  burning 
candle.  But  when  the  diminution  of  air,  by 
thefe  proceffes  has  proceeded  to  a certain  degreej 
it  cannot  be  carried  any  farther. 

The  caufe  of  this  diminution  is  phlogijion  \ 
which  is  imparted  to  the  air  by  the  candle,  and 
the  animal,  in  thole  proceffes.  The  air  attra&s 
the  phlogifton  by  means  of  a fuperior  affinity, 
as  will  hereafter  be  ffiewn  ; and  on  this  principle 
combuftion,  £cc.  depend.  When  air  becomes 
faturated  with  phlogifton,  it  is  incapable  of  im- 
bibing more.  It  can  therefore  be  no  farther 
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diminifhed ; and  is  no  longer  fit  for  fupporting 

animal  life,  or  for  other  phlogiftic  procefies. 

! ' • :•  • : y}?,:.  ; ly  ' ' 

p . . • . - 1 a 

From  hence  it  appears,  that  with  refpedc  to 
refpiration,  &c.  air  may  be  confidered  as  better, 
or  more  pure,  in  proportion  as  it  is  freer  from 
phlogifton.  We  fhall  confider  this  fubjeft  again, 
under  the  article  of  dephlogijiicated  aiT. 

2. 

OF  PHLOGISTICATED  AIR. 

Air  which  has  been  injured  by  refpiration, 
combuftion,  &c.  in  the  manner  already  de-* 
fcribed,  is  thus  called.  If  air  be  fully  faturated 
with  phlogifton  by  thofe  procefles,  it  is  faid  to 
be  compleatly  noxious.  A candle  is  inftantly 
extinguifhed,  0and  animals  prefently  die  in  this 
air.  But  we  fhall  have  occafion  to  fpeak  of  it 
further  in  the  following  article  ; 

3' 

OF  DEPHLOGISTICATED  AIR. 

It  has  long  been  known  that  nitre  is  capable 
of  maintaining  the  combuftion  of  inflammable 
bodies,  as  well  as  air. 

If  lighted  charcoal  be  placed  in  proper  expo- 

fure  to  air,  it  will  continue  to  burn  till  the  whole 
• 

is  reduced  to  afhes. 

If  nitre  be  mixed  with  charcoal,  and  the  pow- 
der, already  kindled,  be  put  into  a clofe  veflel, 
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the  combuftion  will  be  as  compleat  as  if  the 
charcoal  had  been  expofed  to  the  open  air; 
though  without  the  affiftance  of  the  nitre,  the 
charcoal  would  prefently  have  been  extinguifhed 
in  that  confined  fituation.  Nitre,  therefore, 
has  the  fame  effedt  in  this  procefs  as  air. 

The  reafon  of  this  was  not  known  till  lately. 
But  Dr.  Prieftley  has  found  that  by  means  of 
heat,  air  may  be  expelled  from  nitre,  of  the  fame 
nature  with  that  of  the  atmofphere, .but  much 
more  pure.  A candle  will  burn,  and  animals 
live  in  it,  four  or  five  times  as  long  : and  there- 
fore it  is  freer  from  phlogifton  than  common  air. 

When  nitre  is  burnt  with  a combuftible  body, 
a quantity  of  air  is  fet  at  liberty,  and  refumes  its 
elaftic  of  expanfive  Hate.  This  is  the  dephlo- 
gilticated  air  above  fpoken  of,  combined  with., 
the  phlogifton  of  the  inflammable  fubftance. 
The  explofions  of  gunpowder,  and  other  nitrous  . 

mixtures,  depend  on  thisrair. 

»* 

Nitre  is  not  the  only  fubftance  from  which 
dephlogifticated  air  may  be  exrradted.  It  may 
be  obtained  from  many  other  bodies,  merely  by  : 
heat..  But  different  fubftances  yield  it  in  diffe-f 
rent  proportions  •,  and  it  is  alfo  more  pure,  when', 
obtained  from  fome  bodies  than  from  others. 
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After  minium  has  yielded  as  much  of  this  air  ! 
as  it  will  by  heat,  if  fjpirit  of  nitre  be  added,  a 
frefh  quantity  may  be  procured.  If  more  fpiric 
of  nitre  be  added  to  the  remaining  calx,  there 
will  be  a ftill  further  yield  5 and  the  operation 
may  be  continued,-  with  the  like  refult,  as  long 
as  any  of  the  minium  remains.  And  there  is 
no  earthy  fubftance  from  which  this  kind  of  air 
may  not  be  obtained  by  a like  treatment, 

But  the  vitriolic  acid  anfwers  this  purpofe  as 
well  as  the  nitrous ; and  from  every  earthy  fub- 
ftance on  which  that  acid  can  a<ft,  dephlogifti- 
cated  air  may  be  obtained. 

As  this  air  is  fo  much  purer  than  common  ' 
air,  there  is  reafon  to  hope  that  great  benefit 
will  accrue  to  mankind  by  the  medicinal  ufe  of 
it,  in  diforders  where  the  phlogiftic  principle 
abounds  in  the  conftitution,  by  breathing  it  in- 
ftead  of  common  air.  It  has  already  been  pre- 
fcribed  in  thofe  cafe^,  with  good  effedl.  In  com- 
buftion  alfo,  it  may  employed  to  advantage.  If 
a fire  be  blown  with  this  air,  the  heat  is  pro- 
digioufly  more  intenfe  than  when  common  air 
is  employed. 

Dephlogifticated  air,  being  only  a pure  kind  of 
common  air,  it  is  plain  that  it  only  requires  a pro- 
per addition  of  phlogifton,  to  make  it  of  the 
fame  goodnefs  with  that  of  the  atmofphere.  Com* 
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mon  air,  in  refpeft  to  purity,  is  between  phlo- 
gilticated  and  dephlogifticated  air ; thefe  three 
kinds  differing  from  one  another  only  in  being 
more  or  lels  free  from  the  phlogiftic  principle. 


As  the  atmofphere  is  conftantly  expofed  ta 
animal  refpiration,  combuftion,  putrifa&ion,  and 
a variety  of  other  phlogiftic  procefies,  it  muft 
be  continually  receiving  injury  ; and  therefore 
if  there  were  no  contrivance  in  nature  for  puri- 
fying it,  it  would  long  before  now  have  been 
rendered  unfit  for  thefe  proceffes.  Animals 
could  not  live,  nor  could  fires  exift  in  it.  Bur 
Dr.  Prieftlcy  has  difcovered,  that  air  thus  ren- 
dered noxious,  is  purified  by  vegetables  growing 
in  it.  And  by  profecuting  that  difcovery,  he  has 
found  that  they  perform  that  falutary  effeCt  by 
means  of  the  fun's  light . If  a plant  grows  in  the 
fhade,  it  rather  adds  phlogifton  to  the  air  ; but 
if  it  be  placed  in  the  light  of  the  fun,  it  at- 
tracts phlogifton  from  the  air,  in  a furprifing  de- 
gree, mending  it  out  of  all  proportion  beyond 
the  injury  it  does  to'it  in  the  fhade  *. 


Animals  and"  vegetables  therefore,  counter- 
act each  other’s  effeCts  in  this  particular  j and 
.)  hence  is  difcovered  to  us  an  ufe  of  the  vegetable 
creation,  which  meer  reafon  could  never  have  | 

• led  us  to  fufpeCt. 

Dr.  i! 

* See  alfo  Dr.  Ingenhcmfz's  treatife  on  this  curious  fubjeft. 
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Dr.Prieftley  alfo  difcovered  that  phlogifticated 
air  may  be  purified  by  agitation  with  water. 
Hence  we  perceive  a very  important  ufe  of 
winds;  and  of  ftorms  at  fea.  Philofophy  daily 
teaches  us,  that  thofe  natural  effects  which  ap- 
pear to  us  to  be  moll  hurtful,  are  inftituted 
for  very  important  and  ufeful  purpofes  in  the 
creation. 

4- 

OF  NITROUS  AIR. 

If  fpirit  of  nitre  be  added  to  iron,  or  any 
other  phlogifticated  fubftance  which  it  can  dif- 
folve,  there  will  fly  off  from  it,  during  the  fo- 
lution,  an  elaftic  vapour  ; which  being  caught 
in  proper  veflels,  is  what  is  ufually  called 
trous  air. 

If  this  air  be  mixed  with  common  air,  a con- 
fiderabie  degree  of  heat  fucceeds,  together  with 
a turbid  rednels,  and  diminution  of  their  bulk . 
The  latter  circumftance  has  been  happily  ap- 
plied by  Dr.  Prieftley  to  a very  ufeful  and  im- 
portant purpofe. 

He  found  that  the  diminution  was  greater, 
in  proportion  to  the  purity  of  the  common  air 
employed ; and  hence  has  eftablifhed  a tell  of 
the  goodnefs  of  air,  or  the  degree  in  which  it  is 
proper  for  refpiration,  &c.  Inllruments  are  now 
ufed  for  this  purpofe,  as  thermometers  are  for 
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difcovering  the  temperature  of  bodies ; they 
are  called  eudiometers. 

If  common  air  be  diminiftied  as  far  as  it  is  cap- 
able of,  or  rendered  perfectly  noxious,  nitrous 
air  has  no  effeCt  on  it ; neither  does  it  diminifli 
any  other  kind  of  air,  but  common  air  not  com- 
pletely phlogifticated. 

Nitrous  air  confifts  of  nitrous  acid,  and  phlor 
gifton.  The  air  takes  the  latter  ingredient  frorp 
the  acid,  and  thereby  becomes  diminifhed,  in 
' the  fame  manner  as  when  it  is  phlogifticated  by 
fhe  procefles  of  combuftion  and  refpiration  ; 
the  manner  of  which  has  already  been  defcribed. 
*,  The  turbid  rednefs  is  owing  to  the  nitrous  acid, 
now  feparated  from  the  phlogifton,  and  appear- 
ing in  its  ufual  form  of  red  fumes. 

Nitrous  air  has  alfo  the  property  of  preierv- 
ing  fubftances  kept  in  it  from  putrefaction  ; but 
it  is  totally  unfit  for  refpiration,  animals  pre- 
fently  dying  in  it. 

5- 

QF  INFLAMMABLE  AIR. 

If  iron  be  difiolved  in  the  vitriolic  or  marine 
acids,  an  elaftic  vapour  arifes,  which  being 
mixed  with  common  air,  takes  fire  at  the  flame 
of  a candle,  and  therefore  is  called  inflammable 
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This  kind  of  air  may  alfo  be  produced  by 
putrefaction,  and  a variety  of  other  methods ; 
and  is  fometimes  found  ready  formed.  Thus, 
when  coal  mines  take  fire,  it  is  owing  to  a 
quantity  of  inflammable  air  exhaled  from  the 
mineral  fubftances,  and  mixing  with  the  com- 
mon air  in  the  mine.  It  is  unfit  for  refpiration, 
&c. 

6. 

OF  ALCALINE  AIR. 

If  heat  be  applied  to  the  caultic  fpirit  of  fal 
ammoniac,  the  volatile  alcali  will  be  expelled 
from  the  water  with  which  it  was  combined,  and 
fly  off  in  the  form  of  a permanently  elaftic  va- 
pour. This  may  be  proved  by  the  following 
elegant  experiment. 

Fix  a (lender  glafs  tube  properly  bent,  into  a 
vial  containing  the  fpirit ; then  fill  a large  vial 
with  quickfilver,  which  let  an  afliftant  hold  in- 
verted in  a bal'on  of  the  fame  metal.  Let  the 
tube  pafs  through  the  mouth  of  this  inverted 
vial : apply  the  flame  of  a candle  to  the  vial 
containing  the  alcali,  the  vapour  will  pafs 
through  the  tube  into  the  inverted  vial,  and  be 
colledted  in  its  upper  part;  driving  the  quick- 
filver downwards,  in  proportion  as  it  accu- 
mulates. The  vapour  however,  will  not  con- 
denfe  into  a liquid,  but  remain  in  an  elaftic 
ftate,  like  common  air. 
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Quickfilver  has  no  adtion  on  this  air,  which 
is  the  reafon  that  it  is  employed  in  the  experi- 
ment. But  if  water  be  introduced,  the  air  is 
prefently  abforbed  by  it ; and  in  confequence 
thereof,  the  quickfilver  rifes  in  the  vial,  and 
nothing  js  to  be  feen  but  quickfilver  and  water. 
The  water  thus  impregnated  becomes  fpirit  of 
fal  ammoniac. 

By  impregnating  water  with  this  fpecies  of 
air,  a cauftic  liquid  volatile  alcali  may  be  formed, 
as  ftrong  as  that  diftilled  from  fal  ammoniac 
with  quicklime ; fo  that  the  latter  preparation 
is  nothing  but  water  impregnated  with  alcaline 
air. 

Other  particulars  of  this  air  may  be  collected 
from  the  following  articles. 

The  fixed  alcali  cannot  be  expelled  in  a per- 
manently elaftic  form. 

7- 

OF  MARINE  ACID  AIR. 

The  acid  of  fpirit  of  fait  may  be  obtained 
feparate  from  the  wafer,  in  the  form  of  air,  in 
the  fame  manner  as  was  ftiewn  with  regard  to 
the  volatile  alcali,  and  by  the  fame  means.  It 
is  alfo  as  readily  abforbed  by  water. 

But  it  is  remarkable,  that  the  marine  acid  in 
the  form  of  air,  is  much  itronger  than  in  its  ufual 
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Rate  of  combination  with  water.  For  whereas 
before  it  was  the  weakeft,  it  is  now  the  flrongeft 
of  the  three  mineral  acids  •,  for  it  difengages 
both  the  nitrous  and  vitriolic,  from  their  reipec- 
tive  bafes. 

Water  fully  impregnated  with  this  air,  forms 
likevvife  a fpirit  of  fait  ftronger  than  that  ob- 
tained by  diftillation  * and  an  aqua  regia  much 
more  powerful  than  the  common,  may  be  made 
by  a proper  admixture  of  this  air  with  fpirit 
of  nitre. 

If  this  air,  and  the  alcaline  air  before  de- 
ferred, be  mixed,  an  union  is  immediately 
formed  between  them  ; they  lofe  their  elaftic, 
or  airy  form,  and  condenfe  into  white  powder  \ 
which  if  collected,  will  fc-arce  occupy  the  thou- 
fandth  part  of  the  fpace  which  the  ingredients 
pofTelTed  before.  This  powder  is  common  fal 
ammoniac . 


8. 

VITRIOLIC  ACID  AIR. 

The  volatile  vitriolic  acid  may  be  feparated 
from  the  water  with  which  it  is  combined,  and 
exhibited  in  the  form  of  air,  like  the  marine 
acid  and  volatile  alcali.  And  water  impreg- 
nated with  this  air  appears  to  be  the  fame  with 
the  common  aqua  fulphurata. 


9.  OF 
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OF  SULPHUREOUS  AIR 


If  an  acid  be  added  to  liver  of  fulphur,  a kind 
of  air  will  arife,  which  may  be  called  fulphureous 
air. 

By  impregnating  water  with  this  air  the  ful- 
phureous waters  may  be  imitated,  in  the  fame 
manner  as  the  acidulous  ones  may  by  impreg- 
nating water  with  fixed  air. 


of  fixed  air,  or  aerial  acid. 

If  lemon-juice  be  added  to  fait  of  wormwood, 
it  is  well  known  that  an  effervefcence  happens, 
by  reafon  that  there  is  extricated  from  the  fait 
a large  quantity  of  air. 

This  air,  before  the  addition  of  the  acid,  was 
combined  with  the  alcali ; that  is,  the  particles 
of  air  were  attracted  by  thofe  of  the  alcali  fo 
ftrongly,  that  they  ftuck  firmly  together.  In 
this  cafe  therefore,  the  air  appeared  to  have  en- 
tirely loft  its  elafticity,  and  exifted  in  a folid  or 
fixed  ftate,  whence  it  came  to  be  called  fixed  air. 
The  term  however,  is  equally  applicable  to  the 
other  kinds  of  air  already  fpoken  of,  and  for 
the  fame  reafons.  But  as  this  happened  to  be 
the  firft  in  which  this  property  was  difcovered, 
the  appellation  was  applied  to  it  j and  has  been. 
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continued  ever  fince.  Experiments  {hew,  that 
as  much  air  was  contained  in  the  alcali  in  this 
fixed  or  coherent  form,  as  would  occupy  a fpace 
fome  hundreds  of  times  greater,  when  reftored  to 
its  elafticity. 

The  acid  has  the  property  of  freeing  this  air 
from  its  combination  with  the  alcali.  For  the 
alcali  attra&ing  it  Hill  more  powerfully  than  it 
does  the  air,  unites  therewith;  letting  go  the 
latter  ingredient,  which  then  immediately  re- 
fumes its  elaftic  or  expanfive  ftate.  In  its 
efcape  through  the  liquid,  it  caufeth  the  effer- 
vefcence,  or  bubbling,  in  like  manner  as  would 
be  occafioned  by  air  blown  through  (lender 
tubes,  inferted  in  the  bottom  of  the  veffel. 

This  air  may  alfo  be  obtained  by  mixing  any 
acid  with  any  mild  alcali,  or  ablorbent  earth. 
And  it  may  likewife  be  expelled  from  the  laft- 
mentioned  fubftances  by  heat : thus,  quicklime 
is  chalk,  or  lime-ftone,  deprived  of  its  fixed  air. 

A large  quantity  of  this  air  is  extricated  from 
vinous  liquids,  and  other  fubftances,  while  in  a 
ftate  of  fermentation. 

When  vegetable  and  fome  other  fubftances 
are  diftilled,  a great  quantity  of  fixed  air  is  ex- 
pelled merely  by  heat,  with  the  water,  and 
other  volatile  principles  of  thofe  bodies.  This 
part  of  the  produdt  had  not  uiually  been  con- 

fidered 
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fidered  by  chemids ; whereas  now,  it  appears  to 
be  an  important  principle  of  bodies. 

Almoft  half  the  weight  of  marble,  for  ex- 
ample, is  fixed  air.  The  other  ingredient  is  cal- 
careous earth,  or  quicklime.  By  means  of  this 
air  the  particles  of  the  earth  are  united  into  that 
firm  fubdance  ; for  when  deprived  of  that  prin- 
ciple, it  crumbles  into  dud. 

When  we  firft  fee  hartfhorn  diddled,  we  are 
adonifhed  at  the  quantity  of  liquid  obtained 
from  fo  dry  a fubdance.  It  was  partly  by  means 
of  the  fixed  air  that  this  water,  with  the  other 
principles,  were  united  into  that  firm  body. 
Vegetable,  and  animal  fubdances,  deprived  of 
this  air,  are  more  difpofed  to  putrify  •,  their 
other  principles  becoming  more  eafily  didlpable. 

If  fixed  air  be  mixed  with  alcaline  air,  they 
form  the  mild  volatile  alcali.  Without  the 
fixed  air,  the  volatile  alcali  cannot  be  obtained 
in  a folid  form. 

Lime-water  impregnated  with  this  air,  imme- 
diately becomes  turbid  j and  a white  powder 
precipitates.  Hence  it  is  ufed  as  a ted  to  dif- 
cover  the  prefence  of  this  kind  of  air.  The  air 
uniting  with  the  lime,  renders  it  mild,  and  no 
longer  foluble  in  the  water. 

Water  imbibes  this  air  ; and  thereby  becomes 
artificial  Pyrmont  water.  Water,  thus  impreg- 
nated, 
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nated,  is  capable  of  diffolving  iron,  camphire, 
and  fome  other  fubftances  •,  which  it  could  not 
do  before. 

Fixed  air  has  been  fuccefsfuily  applied  to 
medical  purpofes  as  an  antifceptic  j and  in  fome 
other  intentions.  For  tho’  it  will  not  ferve  for 
relpiration,  it  is  not  hurtful  when  taken  into  the 
fyftem.  On  the  contrary,  experience  proves  it 
to  be  very  falutary. 

Fixed  air  a£ts  on  alcalis  as  an  acid  of  the 
weakeft  kind,  and  thence  is  juftly  called  by  the 
ingenious  Mr.  Bewly,  and  Profefior  Bergman, 
an  acid.  Hence  mild  alcalis  may  be  confidered 
as  a kind  of  neutral  falts. 

For  many  other  curious  particulars,  refpedt- 
ing  the  different  kinds  of  air,  the  reader  is  re- 
ferred to  Dr.  Prieftley’s  juftly  admired  publi- 
cations on  thefe  fubjedls*.  To  that  philofo- 
pher  the  world  is  indebted  for  almoft  the  whole 
of  what  is  known  concerning  them. 

Thefe  are  the  principal  fubftances,  yet  known, 
capable  of  exifting  in  a permanently  elaftic  ftate 
in  the  common  temperature  of  the  atmofphere. 
But  it  may  be  obferved,  that  many  other  bodies 
are  capable  of  being  turned  into  air  by  a fuffi- 
cient  heat.  Thus,  the  bubbles  of  boiling  water 

are 

a 

* The  abbe  Fontana  affirms  that  vegetable  acids,  without 
exception,  are  refolvable  into  fixed  air  ; and  thence  concludes 
that  fixed  air  conftitutes  the  very  effcnce  of  thofe  acids. 
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are  water  converted  into  an  elaftic  fluid,  which 
may  therefore  be  called  aqueous  air.  But  this, 
when  the  heat  fufflciently  abates,  lofes  its 
elaftic  ftate,  and  returns  into  the  form  of  water. 
The  like  may  be  obferved  of  fpirit  of  wine, 
oil,  quickfilver,  &c.  In  the  Introduction,  it 
was  obferved,  that  bodies  may  exift  in  three 
different  Hates ; a folid,  fluid,  and  an  elaftic 
one  ; but  that  bodies  of  various  kinds  require 
different  degrees  of  heat  for  thefe  purposes. 
Thus,  an  heat  lefs  than  the  loweft  degree  that 
we  can  produce,  is  fuffkient  for  the  formation 
of  common  air.  Water  requires  a greater  heat 
for  that  purpofe  than  the  ufual  temperature  of 
the  atmofphere ; and  earths  cannot  be  made  fo 
by  the  molt  violent  of  our  fires. 


CHAP- 
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CHAPTER  VI. 

OF  PHLOGISTON,  AND  ITS  COMBINATIONS. 

THIS  principle  Teems  to  be  of  To  fubtle  a 
nature  that  it  cannot,  like  water,  be  ob- 
tained in  a feparate  coherent  form  ; nor  like  air, 
be  confined  in  a veffel. 

But  tho’  we  cannot  obtain  phlogifton  in  afepa- 
rate  ftate,  yet  we  can  transfer  it  from  one  body 
to  another,  which  is  fufficient  for  chemical  pur- 
pofes.  Thus,  if  powdered  charcoal  be  mixed 
with  the  calx  of  lead,  and  placed  in  a proper 
veffel  over  a fire  Efficiently  flrong,  the  phlo- 
gifton will  quit  the  charcoal,  to  combine  with 
the  calx,  by  which  it  is  more  powerfully  at- 
trafted  ; and  which  will  thereby  be  formed  into 
lead. 

Thus  again,  phofphorous  is  a combination 
of  phlogifton  with  the  phofphoric  acid.  But  if 
the  phcfphorus  be  expofed  to  the  air,  its  phlo- 
gifton will  leave  the  acid,  and  combine  with  the 
air  by  which  it  is  more  ftrongly  attradled  ; and 
the  new  combination  is  ■phlogijiicated  air. 

The  fufibility  of  bodies  is  promoted  by  their 
combination  with  this  principle.  Thus,  minium 
is  very  difficult  of  fufion  •,  but  lead  melts  with 
much  lefs  heat.  It  alfo  caufeth  bodies  to  be 
more  ductile,  or  malleable  than  before. 
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I fhall  have  occafion  to  fpeak  of  this  principle 
in  future ; and  at  prefent  fhall  only  confider 

thofe  bodies  of  which  it  forms  a conftituent  part. 

..... 

I. 

OF  METALS. 

Metals  are  divided  into  perfect,  imperfect, 
and  femi-metals.  The  perfeft  metals  are  gold* 
filver,  and  platina.  They  are  fo  termed  becaufe 
they  remain  unaltered  in  the  fire.  The  only 
efFeft  that  the  heat  of  our  furnaces  has  on  them 
is  to  render  them  fluid  : when  the  heat  is  re- 
moved they  return  to  their  folid  ftate  without 
having  fuffered  any  change  either  in  their  pro- 
perties or  weight. 

The  imperfect  metals  are  copper,  iron,  lead* 
tin,  and  quickfilver.  They  differ  from  the  per- 
fect metals  in  being  calcinable  by  heatj  or  or 
being  changed  thereby  from  metals,  into  mere 
calces,  or  earths. 

The  femi-metals  are  zinc,  regulus  of  antimony, 
nickel,  &c. 

In  the  calcination  of  metals,  one  of  the  mgre- 
4 'I  clients,  the  phlogijlon,  is  taken  from  them  by  the 
j air*  in  lieu  of  which,  they  .ufually  attraft  fixed 
J air,  or  fome  other,  from  the  atmofphere  •,  and 
hence  the  calx  is  found  to  be  heavier  than  the 
metal  before  calcination. 

Metals 
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Metals  are  alfo  converted  into  calces  by  thofe 
acids  which  are  capable  of  diuolving  them.  For 
their  phlogifton  efcapes,  and  only  the  calces  re- 
main with  the  acids. 

The  calces  of  metals  are,  like  other  earths, 
convertible  into  glals.  But  this  is  not  the  cafe 
with  the  metals  themfelves  Metals  are  the  raoft 
ponderous  of  all  known  bodies. 

Thephlogiftonof  all  metals  is  exactly  thefame;  , 
and  therefore  the  difference  in  them  is  owing  en- 
tirely to  the  nature  of  their  calces : Thofe  dif- 
ferences are  fufficient  to  diflinguifh  the  metals 
from  each  other.  Thus,  phlogifton,  united 
with  the  calx  of 

GOLD, 

Forms  a metal  whofe  fpecific  gravity  is  nine-: 
teen  times  greater  than  that  of  water-,  and  the 
only  acid  in  which  it  can  be  diffolved,  is  aqua 
regia.  Its  colour  is  yellow,  and  it  is  unalterable 
by  the  heat  of  our  furnaces.  With  the  calx  of 

PLATINA, 

It  compofes  a metal  which  refembles  gold  in 
its  fpecific  gravity,  perfe&nefs,  and  folubility 
in  aqua  regia,  but  differs  from  it,  in  being  infu- 
fible  by  the  fires  of  our  furnaces  5 whereas  gold 
ts  fufible.  With  the  calx  of 


F 


SILVER, 


SILVER, 

It  forms  a metal,  which,  like  gold,  is  inde- 
drudible  by  the  heat  of  our  fires,  but  has  much 
lefs  fpecific  gravity,  and  is  foluble  in  the  nitrous 
acid.  With  the  calx  of 

COPPER, 

It  forms  a metal  calcinable  by  heat ; of  a red- 
difh colour-,  not  fufible  but  in  a great  heat,  and 
foluble  in  all  the  acids.  With  calx  of 

LEAD, 

A metal  is  formed  by  it,  fufible  in  a moderate 
heat,  and  not  difficultly  calcinable.  It  is  the 
fofted  of  all  metals,  and  alfo  the  heavieft,  except- 
ing gold,  platina,  and  quickfilver.  With  calx 
of 

IRON, 

It  forms  a metal  capable  of  being  attrafted 
by  the  load-done  j which  requires  the  molt  in- 
tenfe  heat  to  fufe  it-,  is  foluble  in  all  acids  and 
alcalis-,  is  the  lead  malleable,  and  mod  elaftic  of 
all  metals ; and  which  ruds  on  expofure  to  moid 
air.  With  calx  of 

TIN, 

It  forms  a metal  the  lighted  of  all  others,  and 
die  mod  fufible  except  mercury  -,  the  fofted: 
next  to  lead  ; and  which  when  pure,  crackles  on 
. being  bent.  With  calx  of 

mercury.. 
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MERCURY, 

It  forms  a metal  the  heavieft  of  all  the  imper- 
fed  ones  ; volatile  by  heat ; and  which  remains 
fluid  in  the  common  temperature  of  the  at- 
mofphere.  With  calx  of 

ZINC, 

A femi- metal  is  compofed  foluble  in  all  acids, 
and  which  may  be  fublimed  in  the  form  of 
flowers.  Its  colour  is  a biueifh  white,  and  is 
commonly  named  tutenag.  With  calx  of 


ANTIMONY, 

It  forms  a femi-metal,  foluble  in  aqua  regia, 
but  not  in  other  acids,  or  difficultly  and  imper- 
fedly.  It  fublimes  into  flowers  ; and  when  com- 
bined with  fulphur  forms  antimony. 

The  other  femi-metals  are  alfo  formed  of  phlo- 
gilton,  and  the  refpedive  calces.  But  different 
calces  require  different  proportions  of  that  prin- 
ciple, in  order  to  their  metallization. 

II. 

OF  SULPHURS. 

Phlogifton  properly  combined  with  the  vitri- 
olic acid,  becomes 

1. 


BRIMSTONE, 

Or  common  fulphur.  If  vitriolaied  tartar, 
Glauber’s  lalt,  or  other  fubftance  containin 

F 2.  vitriolic 
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vitriolic  acid,  be  fufed  with  charcoal,  the  acid 
of  the  former  and  the  phlogifton  of  the  latter, 
will  unite  and  form  fulphur. 


This  fubftance  eafily  melts.  It  is  neither  fo- 
luble  in  acids,  water,  nor  fpirit  of  wine  ; but 
may  be  united  with  oils,  and  fome  of  the  me- 
tals; and  alfo  with  alcaline  falts  and  quicklime, 
forming  hepar  Julphuris. 

It  is  kindled  with  lefs  heat  than  almoft  any 
other  inflammable  fubftance ; burns  with  a blue 
flame,  and  fuffocating  fmell.  In  this  procefs 
its  phlogifton  is  attra&ed  by  the  air,  leaving 
the  acid  behind  in  the  form  of  vapour;  and 
which  is  the  caufe  of  the  fmell  juft  men- 
tioned. This  again  fhews  that  phlogifton  and 
the  vitriolic  acid  are  the  principles  of  which  it 
is  compofed. 

The  proportion  of  acid  to  that  of  the  phlo- 
gifton in  this  compound  is  faid  to  be  fo  great, 
that  an  ounce  of  fulphur  contains  above  feven 
drachms  of  vitriolic  acid,  feveral  times  ftronger 
than  the  beft  oil  of  vitriol  that  we  can  procure. 
This  may  appear  furprifing,  when  it  is  confi- 
dered  that  fulphur  is  infipid  to  the  tafte,  whereas 
the  vitriolic  acid  is  one  of  the  rnoft  cauftic  fub- 
ftances  in  nature.  The  reafon  of  this  will  be 
fhewn  in  a future  chapter. 

2.  PHOS- 
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2. 


PHOSPHORUS. 

It  is  compofed  of  phlogifton  and  the  phof- 
phoric  acid,  in  the  lame  manner  as  brimftone  is 
compofed  of  phlogifton  and  the  vitriolic  acid, 
and  therefore  mult  be  confidered  as  a fulphur . 

Its  principles  feem  to  be  lefs  ftrongly  united 
than  thofe  of  brimftone  ; for  the  latter  fub- 
ftance  requires  to  be  heated  in  order  to  make  it 
inflame ; but  phofphorus  parts  with  its  phlo- 
gifton to  air,  without  the  afliftanceof  heat;  and 
hence  it  is  that  it  kindles  on  being  expofed  to 
the  air. 

After  combuftion,  its  acid  remains  behind  in 
a folid  ftate  ; in  which  refpeft  likewife  it  differ? 
from  brimftone.  A fmell  of  garlic  is  perceived 
while  it  is  burning. 

Nitrous  air  may  alfo  be  confidered  as  a ni- 
trous fulphur. 


3- 

OF  COAL. 

By  coal  is  meant  any  oily  fubftance  burnt  to 
blacknefs : as  the  coal  of  wood,  charcoal,  and 
the  like.  It  may  be  confidered  as  a combina- 
tion of  phlogifton,'  with  animal  or  vegetable 

F 3 earth. 
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earth.  If  it  be  deprived  of  the  former  ingre- 
dient by  combuftion,  the  earth  remains  behind. 
Coal  all'o  contains  a great  quantity  of  air  in  a 
fixed  Rate. 

4- 

OF  OILS. 

Oil,  fimply  confidered,  is  probably  a combi- 
nation of  phlogifton,  with  an  acid,  earth,  and 
water. 


Oils  are  inflammable,  and  burn  with  a foot, 
leaving  alfo  a coaly  matter  behind,  unlefi  it  be 
carried  off  in  the  vapour.  They  are  not  ufually 
mifcible  in  water  •,  but  either  fwim  above  it,  or 
fink  to  the  bottom,  according  to  their  lpecific 
gravity.  The  fubftances  with  which  they  are 
accidentally  combined  make  a confiderable  va- 
riety in  them.  And,  as  their  properties  are  dif- 
ferent, we  fhall,  as  in  the  cale  of  earths,  confider 
them  as  diftind  fubftances, 

V • , . - 


n 
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EXPRESSED  VEGETABLE  OILS, 

As  oils  of  almonds,  olives,  & c.  When  pure 
they  have  neither  tafte  nor  fmell,  and  are  foft 
and  bland  ; they  neither  mix  with  water,  nor 
fpirit  of  wine. 


With 
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With  cauftic  fixed  alcaline  falts  they  form 
common  foap;  they  difiolve  fulphur,  and  calx 
of  lead  ; and  unite  with  efiential  oils.  They  alfo 
fwim  in  water. 

2. 

ESSENTIAL  VEGETABLE  OILS, 

Or  thofe  obtained  by  diltilling  vegetables ; 
as  lavender-flowers,  caraway-feeds,  &c.  with 
water. 

They  diffolve  in  fpirit  of  wine,  and  produce 
cold  thereby.  They  unite  with  water  by  diftil- 
lation ; and  hence  the  fmell  and  other  proper- 
ties of  diftilled  Ample  waters.  They  have  the 
fmell  and  tafte  of  the  fubje&s  from  which  they 
were  drawn. 

With  concentrated  nitrous  acid,  they  inflame-, 
efpecially  if  oil  of  vitriol  be  added. 

They  form  volatile  foaps  with  the  volatile, 
and  thofe  called  philosophical  with  fixed  alcalis. 
When  they  are  in  a dry  or  folid  ftate,  they  are 
called 


•3- 

RESINS. 

Thus,  refin  of  jalap,  of  guaiacum,  &c.  may 
be  confidered  in  this  light  \ as  may  alfo  cam- 
phire.  They  agree  with  efiential  oils,  in  their 
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being  foluble  in  fpirit  of  wine,  not  in  water  ; and 
in  feveral  other  properties. 


ANIMAL  FATS, 

Their  properties  are  very  fimilar  to  thofe  of 


There  are  other  diverfities  in  oils ; as  theem- 
pyreumatic  oils  of  animals  and  vegetables ; arif- 


&c.  But  for  accounts  of  thefe,  authors  on  the 
materia  medica,  and  pradtical  chemiftry,  may 
be  confulted,  a particular. enumeration  of  them 
not  being  neceflary  to  a work  of  this  nature. 

s'  ! 

VINOUS  SPIRIT. 

It  feems  to  be  compofed  of  acid,  phlogifton, 
and  water.  It  burns  without  foot,  or  coal. 


but  not  expreflcd  oil's  ; refins  are  alfo  difiolved 
by  it. 


exprefled  vegetable  oils.  They  differ  from  them 
chiefly  in  being  ufually  in  a folid  ftate-,-  whereas 
the  others  are  molt  commonly  fluid, 


ing  from  their  being  partly  decompofed  by  the 
fire  ; foflil  oils  •,  and  the  fubftances  refin,  wax. 


4- 


It  mixes  with  water.  It  diflolves  eflential. 
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It  is  eafily  inflammable  ; and  its  capacity  for 
containing  fire  is  greater  than  that  of  oils. 

It  alfo  burns  with  a weaker  flame. 

It  coagulates  animal  fluids  *,  is  very  volatile 
and,  excepting  tether,  is  one  of  the  lighteft  of 

liquids. 

6. 

ETHER. 

It  is  produced  by  diftilling  pure  vinous  fpirit 
with  a concentrated  acid. 

It  is  the  lighted  of  all  known  liquids.  It 
neither  unites  with  vinous  fpirit,  acid,  nor 
alcali,  but  diflolves  effential  oils  and  refins.  It 
unites,  in  a very  fmall  proportion,  with  water. 

Befidesthe  fubflances  already  mentioned,  phlo- 
giflon  enters  more  or  lefs  into  the  compofition 
of  all  bodies,  though  in  lefs  proportion,  or  elfe 
in  a lefs  obvious  manner  than  in  thofe  fpeci- 
fied.  But  thefe  are  fufHcient  to  fhew  the  great 
importance  of  this  principle,  and  in  i'ome  mea- 
fure  its  nature.  For  it  is  abfolutely  neceflary 
to  the  formation  of  inflammable  matters  •,  and 
pf  coiirf?  to  vegetable,  animal,  and  other  bo- 
dies, 
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dies,  into  the  compofition  of  which  inflam-. 

mable  fubflances  are  known  to  enter.  It  alfo 

feems  necefiary  to  the  formation  of  air7 

and  to  many  other  important  purpofes  in 

nature,  which  it  is  not  neceflary  at  prefent  to 

conflder. 
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CHAPTER  VII. 

OF  FIRE. 

FIRE  is  that  fubtile  principle  which 
caufeth  heat.  As  heat  is  the  moft  obvious 
effed  of  fire,  I fhall  firft  difcourfe  of  it. 

If  the  heat  or  warmth  of  any  fubftance  be 
greater  than  that  of  the  part  of  an  animal  body 
to  which  it  is  applied,  it  caufeth  the  fenfation 
of  heat  in  that  part ; if  contrariwife,  cold  ; but 
if  the  heats  be  equal,  neither  of  thefe  fenfations 
are  cauled.  Thus,  if  water  be  hotter  than  the 
hand,  it  feels  warm  •,  if  colder,  cold  •,  but  if  it 
be  of  an  equal  heat  with  the  hand,  it  neither 
feels  hot  nor  cold.  The  hand  however  is  no 
certain  meafure  of  heat ; for  if  one  hand  be 
hotter  than  the  other,  the  fame  water  may  at  the 
fame  time  feel  hot  to  one  hand,  and  cold  to  the 
other.  And,  at  different  times,  water  of  the 
fame  warmth  may  feel  hot  and  cold  even  to 
the  fame  hand. 

i - . . . •• 

Philofophers  therefore  have  another,  and  more 
accurate  method  of  meal u ring  heat,  which  is  by 
the  thermometer.  "When  a body  is  hotter,  the 
fluid  in  the  thermometer  applied  to  it  rifes 
higher  j and  when  colder,  the  fluid  finks  lower, 

and 
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and  a graduated  fcale  is  affixed  to  the  tube  to 
mark  the  degrees.  A body  therefore  is  not  faid 
to  be  hot,  or  cold  ; but  only  more  or  lefs  hot*. 
Ice,  for  example,  has  a lefs  degree  of  heat  than 
boiling  water.  The  heat  of  a body  is  alfo  called 
its  temperature. 

The  moft  general  effect  of  heat  on  bodies,  is 
to  expand  them  into  greater  dimenfions  : there 
is  not  a body  yet  known  but  what  is  thus  af- 
fedted  by  heat.  If  a fmall  quantity  of  air  be 
contained  in  a bladder,  the  application  of  heat 
will  expand  it  into  fo  great  a bulk,  that  the 
bladder  will  be  compleatly  diftended.  If  fpirit 
of  wine  be  put  into  a long  (lender  tube,  and  then 
made  hot,  it  will  very  confiderably  expand  ; 
and  if  a rod  of  iron,  which  can  juft  enter  a ring 
when  cold,  be  made  red  hot,  it  cannot  then 
enter  that  ring,  by  reafon  that  it  is  expanded  in 
bulk  by  heat.  All  bodies  therefore  are  ex- 
panded by  heat  •,  and  the  only  difference  is,  that 
fome  are  more  expanded  than  others,  for  reafons 
which  will  appear  in  the  fequel. 

On 


* Befules,  though  they  do  not  appear  hot  to  the  fenfe,  are  in 
reality  very,  confiderably  fo.  Itjtas  been  found,  for  example,  that 
they  are  capable  of  being  cooled  above  200  degrees  below  the 
ufual  heat  of  the  hand.  If  therefore  the  ufual  heat  of  the  hand 
were  at  that  point,  and  a body  which  docs  not  now  feel  warm 
were  applied  to  it,  the  heat  would  be  equal  to  that  which  is  now 
felt  on  putting  the  hand  into  boiling  water.  A very  confider- 
ablc  quantity  of  fire  therefore  is  contained  in  bodies,  when  at 
the  common  temperature  of  the  atmofphere. 
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On  this  principle  the  thermometer  is  formed. 
A glafs  tube  is  made,  with  a bulb  at  the  bot- 
tom, capable  of  holding  a fufficient  quantity  of 
quickfilver,  or  fpirit  of  wine.  When  heat  is  ap- 
plied, the  fluid  in  the  bulb  is  expanded,  and  for 
want  of  room  makes  its  way  up  into  the  tube, 
fo  that  the  furface  riles  higher.  When  a lefs 
degree  of  heat  is  applied,  the  fluid  in  the  bulb 
is  contrafted,  and  therefore  part  of  that  which 
is  in  the  tube  will  fink  down  into  the  bulb,  its 
furface  becoming  lower  than  before.  The  gra- 
duated fcale  indicates  the  difference,  and  there- 
fore meafures  the  degree  of  heat. 

If  bodies  are  heated  lefs  than  a certain  de- 
gree, they  are  folid  ; if  they  are  heated  beyond 
that,  they  are  fluid  •,  and  if  they  are  heated  be- 
yond a certain  greater  degree,  they  are  rendered 
elaftic,  or  turned  into  vapour  or  air,  as  was 
mentioned  before.  Water,  for  example,  when 
it  has  only  32  degrees  of  heat,  by  Farenheit’s 
thermometer,  is  folid  ; and  it  is  folid  in  all  de- 
grees of  heat  below  32.  When  the  heat  is 
greater,  it  melts,  or  becomes  fluid.  And  when 
the  heat  is  boiling  and  beyond,  it  lofes  its  fluid 
form  and  is  turned  into  vapour,  or  elfe  rendered 
elaftic  like  air.  The  like  happens  to  quick- 
filver, with  this  difference,  that  quickfilver 
lofes  its  folid  form  in  a lefs  degree  of  heat 
than  water-,  and  yet  does  not  become  elaftic, 
but  with  a greater  heat.  Zinc  does  not  become 

fi-.dck 
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fluid,  but  with  an  heat  greater  than  that  which 
would  turn  water  into  vapour-,  yet  there  is  a 
lefs  number  of  degrees  between  its  folid  and 
elaftic  ftate,  than  in  water.  Gold  does  not  be- 
come fluid  but  with  a very  intenfe  heat  and  the 
ftrongeft  of  our  fires  cannot  turn  it  into  vapour  j 
and  fome  earths  cannot  even  be  rendered  fluid 
with  the  greateft  heat  that  our  furnaces  can 
give.  On  the  other  hand,  fpirit  of  wine  cannot 
be  rendered  folid;  and  air  cannot  even  be 
brought  to  a fluid  date,  by  the  molt  intenfe  cold 
that  we  have  yet  been  able  to  produce.  Yet  a 
folid,  fluid,  and  elaftic  ftate,  are  with  reafon  con^ 
eluded  to  be  proper  to  all  thofe  bodies,  pro- 
vided they  were  in  the  degrees  of  heat  requifite 
for  thefe  purpofes.  The  only  difference  between 
bodies  in  this  refpeft  is,  that  no  two  of  them 
have  their  folid,  fluid,  and  elaftic  points  at  the 
fame  degrees  of  heat. 


When  bodies  which  differ  in  thefe  refpe&s  are 
mixed  together,  they  may  therefore  be  feparated 
from  each  other  by  proper  applications  of  heat, 
provided  their  particles  do  not  too  ftrongly  co- 
here ; but  of  this,  and  of  the  other  chemical 
ufes  of  heat,  more  will  be  faid  on  a future 
occafion. 


F re  has  a tendency  to  diffufe  itfelf  over  all 
bodies,  till  they  are  of  an  equal  degree  of  heat 
or  warmth ; and  this  equality  of  heat  is  called 

the 
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the  common  temperature.  Thus,  if  a red  hot  bul- 
let be  placed  upon  three  others  which  are  cold, 
the  former  will  be  continually  lofing  heat,  and 
the  latter  gaining ; but  all  of  them  will  be  con- 
tinually lofing  heat  to  the  bodies  around,  till 
they  are  all  of  the  fame  temperature. 

If  a pound  of  hot  water  be  mixed  with  a 
pound  of  cold,  the  heat  of  the  water  after  mix- 
ture, will  be  in  the  mean  between  the  heats  of 
the  two  portions  before  the  mixture  ; the  cold 
water  will  be  heated  half  way  to  that  of  the  hot, 
and  the  hot  water  will  be  cooled  half-way  to  the 
temperature  of  the  cold. 

If  a pound  of  hot  water  however,  be  mixed 
with  a pound  of  cold  linfeed  oil,  the  heat  of  the 
mixture  will  be  greater  than  the  mean  of  their 
two  heats  before  mixture ; and  if,  on  the  con- 
trary, the  water  be  cold,  and  the  oil  hot,  the  heat 
will  be  lefs  than  that  mean.  This  is  a very  cu- 
rious difference ; and  the  caufe  of  it  may  be  un- 
derflood from  what  follows. 

If  a pound  of  water  be  placed  in  a veffel  in 
a certain  degree  of  heat,  and  another  pound  in 
a fimilar  veffel  in  the  fame  heat,  the  heats  which 
they  gain  or  lofe  in  the  fame  times  will  be 
equal. 

But  if  in  one  of  the  veffels  be  a pound  of 
water,  and  in  the  other  a pound  of  linfeed  oil, 

the 
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the  oil  will  acquire  a greater  degree  of  heat,  in 
a given  time,  than  the  water ; and  the  like  dif- 
ference is  obfervable  in  their  cooling.  In  other 
words,  the  fame  quantity  of  fire  will  heat  the  oil 
more  than  the  water ; and  the  fame  quantity 
of  fire  taken  from  the  oil,  and  from  the  water, 
will  cool  the  water  lefs  than  the  oil. 

Half  the  fire  contained  in  the  hot  water  there- 
fore, heated  the  oil  more  than  it  cooled  the 
water,  and  the  heat  after  the  mixture  was  more 
than  the  mean.  On  the  contrary,  half  the  fire 
contained  in  the  hot  oil  heated  the  water  lefs  than 

it  cooled  the  oil,  and  of  courfe  the  heat  after 

. 

mixture  was  lefs  than  the  mean.  And,  as  in  the 
cafes  of  expanfion,  &c.  fo  in  this,  there  are  per- 
haps no  two  lubftances  exactly  alike  in  this 
refpect. 

Different  bodies  therefore  have  different 
powers,  or  capacities  for  containing  fire  •,  and 
hence  when  they  are  at  a common  temperature, 
or  equally  hot  to  the  fenfe  and  the  thermo- 
meter, the  proportions  of  that  principle  which 
they  contain,  are  unequal.  The  capacity  of 
linfeed  oil,  for  example,  is  lefs  than  that  of 
water ; and  therefore  when  equally  hot  to  the 
fenfe,  and  the  thermometer,  contains  lefs  fire. 
An  equal  proportion  of  that  principle  added  to, 
or  fubtradled  from,  the  water  and  the  oil,  ought 

in 
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in  courfe  to  affedt  the  temperature  of  the  latter, 
more  than  the  former. 

/ 

The  ingenious  Dr.  Irvine  (to  whom,  in  con- 
junction with  the  celebrated  Dr.  Black,  we  are 
indebted  for  this  dodtrine)  has  difcovered  a 
method  by  which  the  capacities  of  bodies  may 
be  determined  by  experiment.  If,  for  example, 
I would  know  the  proportion  of  the  capacities 
of  two  liquids,  I heat  one  of  them,  and  pour 
it  on  an  equal  weight  of  the  other  while  cold, 
having  previoufly  noticed  the  difference  of  their 
temperatures.  If  the  capacities  are  equal,  the 
heat  of  the  mixture  will  be  in  the  mean  be- 
tween the  temperature  of  the  two  liquids  before 
mixture ; as  was  before  obferved  to  happen, 
when  water  is  mixed  with  water.  But  if  their 
capacities  are  unequal,  the  heat  of  the  mixture 
will  vary  from  the  mean  in  proportion  to  that 
difference,  as  was  obferved  to  be  the  cafe  on 
mixing  water  with  linfeed  oil ; the  capacities  of 
which  are  to  one  another  very  nearly  in  the 
proportion  of  2 to  i.  lo  thefe  experiments 
however,  it  is  neceffary  that  the  fubftances 
fhould  have  no  chemical  action  on  each  other : 
that  is,  they  fhould  produce  neither  heat  nor 
cold,  when  mixed  together  at  like  temperatures. 

Not  only  different  bodies  have  different  ca- 
pacities, but  even  that  of  the  fame  body  is  va- 
riable, 
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riable,  according  to  the  ftate  which  it  happens 
to  be  in.  When  water  freezes,  its  capacity  be- 
comes lefs  than  it  was  during  the  fluid  ftate  ; and 
on  the  contrary  greater , when  it  is  turned  into 
vapour.  The  fame  rule  holds  good  with  other 
fubftances. 


When  the  capacity  of  a body  happens  to  be 
altered,  it  is  evident  that  its  temperature  will 
be  affected  in  proportion  thereto.  Thus,  if  the 
capacity  be  fuddenly  increafed,  the  body  will  | 
become  colder  than  before  *,  and  if  diminifhed,  j 
hotter.  Accordingly  we  find,  that  heat  is  ge-  ' 
nerated  by  the  congelation  of  fluids  •,  and  cold,  I 
by  their  evaporation.  Cold  is  a confequeace  of  | 
the  tranfition  from  a folid  to  a fluid  ftate  •,  and 
heat,  of  the  condenfation  of  vapour. 


When  water  is  mixed  with  oil  of  vitriol,  a: 
great  degree  of  heat  is  produced.  The  capa- 
city of  the  mixture  becomes  lefs  than  the  furm 
of  the  capacities  of  the  ingredients  before  mix- 
ture ; of  courle  the  fire  which  they  contained,, 
muft  occafion  the  temperature  of  the  mixture  to; 
be  higher. 


On  the  contrary,  when  fnow  is  mixed  with 
fpirit  of  nitre,  the  capacity  of  the  folution  be- 
comes greater  than  the  fum  of  the  capacities  of 
the  ingredients  before  mixture.  The  quantity 
of  fire  which  they  contained  becoming  now  toe 

little. 
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iittle,  the  temperature  muft  fink  in  proportion 
thereto.  The  like  may  be  obferved  of  the  other 
inftances  of  heat  and  cold  generated  by  che- 
mical mixtures. 

The  difference  of  the  capacities  of  bodies 
may  depend  on  different  arrangements  of  their 
particles,  or  on  other  circumftances,  with  which 
we  are  not  yet  properly  acquainted.  But  by 
obfervations  related  in  a book  *,  publifhed  by 
the  author  of  this  work,  but  more  particular- 
ly by  the  experiments  of  the  ingenious  Dr. 
Crawford,  it  appears  that,  in  fome  cafes,  phlo* 
gifton  caufeth  this  difference  in  bodies.  Bodies 
which  are  freeft  from  that  principle  have  (at 
leaft  in  many  inftances)  their  capacities  greater 
than  thofe  which  contain  it  in  greater  propor- 
tion. Thus  oil  contains  more  phlogifton  than 
water,  and  its  capacity  is  found  to  be  lefs.  The 
like  may  be  obferved  of  metals,  and  their  calces; 
of  fulphur,  and  the  vitriolic  acid  ; and  in  other 
cafes  of  phlogifticated  and  dephlogifticated 
bodies. 

Hence  if  the  phlogifton  be  fuppofed  to  be 
fuddenly  taken  from  oil,  its  capacity  will  be  in- 
creafed.  The  quantity  of  fire  which  it  con- 
tained will  no  longer  be  fufficient  to  keep  it  at 
the  fame  temperature  as  before.  It  will  there- 

G 2 fore 
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fore  become  colder  ; and  of  courfe  will  imbibe 
fire  from  the  fubftances  around,  till  it  returns  to 
an  equal  temperature  with  thofe  fubftances. 

On  the  contrary,  if  the  phlogifton  be  fup- 
pofed  to  be  fuddenly  reftored,  the  capacity  will 
be  leffened.  The  fire  which  it  contains,  will 
raile  it  to  an  higher  temperature  than  before  ; 
and  therefore  it  will  communicate  heat  to  the 
furrounding  bodies,  till  an  equality  of  tempera- 
ture between  them  again  obtains. 

The  fame  quantity  of  phlogifton  combined 
with  different  bodies,  affefts  their  capacities  in 
different  proportions.  Thus,  if  the  phlogifton 
of  oil  be  transferred  to  air,  the  capacity  of  the 
latter  will  be  more  diminilhed  than  that  of  the 
former  is  increafed.  The  heat  generated  by  the 
combination  therefore,  will  be  greater  than  the 
cold  produced  by  the  decompofition  ; and  on 
this  principle  we  account  for  the  heat  in  the 
com  bullion  of  oil,  and  other  fubftances. 

The  elafticity  of  air  depends  on  heat.  For 
if  the  heat  be  increafed,  the  elafticity  is  increafed. 
If  the  heat  is  diminilhed,  fo  is  likewile  the  elaf- 
ticity. If  therefore  air  were  fufficiently  deprived 
of  heat,  its  particles  would  probably  become 
coherent,  like  thofe  of  water,  and  other  fub- 
ftances. 


The 
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The  effecfl  of  lire  on  the  particles  of  bodies 
therefore,  is  to  give  them  a repulfive  power. 
Thus,  if  two  or  more  particles  be  in  contadl, 
cohering  with  each  other,  and  heat  be  ap- 
plied, the  repulfive  force  which  they  acquire  in 
confequence  thereof,  will  oblige  them  to  quit 
each  other.  Hence  the  expanfion  of  bodies  by 
heat.  The  particles  while  within  their  fpheres  of 
cohefion  will  refill  the  adlion  of  heat  more,  as 
their  attractive  or  cohering  forces  are  ftronger. 
But  when  the  heat  becomes  fo  great  as  to  urge 
them  beyond  thofe  fpheres,  they  will  become 
elaftic  like  air ; the  repulfive  force  which  they 
acquire  from  the  heat,  overpowering  that  of 
their  attraction.  This  is  the  reafon  that  particles 
are  feparated  from  each  other,  or  volatilized  by 
heat.  See  alfo  what  was  laid  of  the  three  Hates  of 
bodies  in  the  former  part  of  this  chapter*.  But 

G 3 independently 

* I once  foimed  a fuppofition  that  the  particles  of  bodies  had 
two  fpheres  of  attra£fion  or  cohefion,  one  within  the  other  : the 
inner  and  ftronger  one,  I called  the  folid cohering  force  ; the  outer 
and  weaker,  t)\z  fluid-,  that  while  the  particles  were  mutually 
within  the  former,  the  body  which  they  compofed  was  folid,  or 
hard  ; and  that  when  they  were  forced  into  the  latter,  it  became 
fluid  j that  from  the  ftruflure  or  denfity  of  thefe  fpheres, 
the  capacity  of  the  body  was  neceflurily  lefs  when  the  particles 
.were  mutually  within  the  folid  fpheres,  than  when  forced  into 
their  fluid  ones,  and  leaft  of  all  when  rendered  elaftic.  That  the 
diameters  of  thefe  fpheres,  in  different  kinds  of  particles,  might 
be  in  different  proportions  to  each  other,  as  might  alfo  their  forces, 
and  the  ratios  of  thefe  forces.  By  varying  thefe  fyppofitions,  many 
of  the  phenomena  relating'  to  thefe  fubjeffs  feemed  to  be  pretty 
naturally  accounted  for.  But  this  is  a mere  hypothecs. 
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independently  of  their  cohering  forces,  the  par- 
ticles of  bodies  feem  tc  be  fome  more,  and 
others  lefs,  capable  of  being  made  repulfive  by 
fieat.  Thus  different  kinds  of  air  are  capable 
of  being  differently  expanded  by  equal  degrees 
of  heat,  though  the  particles  in  this  cafe  are 
without  the  Ipheres  of  their  cohering  forces. 

* ‘ • i » » . « » 

The  ufes  and  effects  of  fire,  or  heat,  in  che- 
mical operations,  will  be  confidered  in  the  next 
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SECTION  II. 

HAVING  given  an  account  of  fuch  che- 
mical iubftances  and  agents  as  required 
explanation,  we  may  proceed  to  the  fubjed  of 
chemical  operations  : and  it  will  be  molt  proper 
and  natural  to  confider  thole  firfl  which  depend 
merely  on  heat. 

• t. f \ ' 1.  7 

It  muft  however  be  remembered,  that  I do 
not  make  it  my  bufinefs  in  this  work  to  treat  of 
the  ■practical  part  of  chemiftry  the  philofophy 
of  that  fcience  was  all  that  I propofed  ; and  even 
no  more  of  that  than  might  be  fufficient  to 
enable  the  reader  to  enter,  in  a more  general 
manner,  into  thefe  ufeful  and  entertaining 
fludies. 

CHAPTER  I. 

OF  VOLATILIZATION. 

BY  this  term  we  underftand  that  part  of  che,- 
miftry,  which  treats  of  the  feparation  of 
volatile  from  fixed  fubftances ; that  is,  the  de~ 
compofition  of  bodies,  by  heat  alone. 

If  a volatile  fubftance,  as  water,  be  combined 
with  a fixed  one,  fuppofe  fixed  alcali,  they  may 
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be  feparated  by  putting  the  mixture  into  a pro- 
per diftilling  veflel,  and  applying  a fufficient 
heat.  For  the  water  will  be  railed  into  vapour 
and  diftil  into  the  receiver,  leaving  the  alcali  at 
the  bottom. 

\ « • I N 

A greater  heat  however  will  be  required  than 
if  the  water  had  been  diftilled  alone,  becaufe 
the  water  is  attracted  by  the  fait  j and  the  heat 
in  thefe  cafes  is  required  to  be  greater  according 
as  the  attraction  is  ftronger,  fo  as  to  overcome 
that  attraction. 

ij.rb  tbxy.hn  rr.  ••  t : • . ' -■  5; 

You  will  find  by  the  3d  chapter  of  the  former 
feCtion,  that  green  vitriol  is  a compound  of  vi- 
triolic acid  and  iron,  But  a proper  degree  of 
heat  forces  over  the  acid  (together  with  fame 
water  which  the  vitriol  alfo  contains)  in  the 
form  of  fpirit  of  vitriol,  the  iron  remaining  in 
the  form  of  colcothar  behind. 

ffartftiorn  is  a combination  of  animal  earth, 
volatile  alcali,  oil,  water,  fixed  air,  Heat 

forces  over  all  the  volatile  ingredients,  leaving 
the  earth  behind. 

• 1 1 m \ J • * ; ' 

So  guaiacum  wood  is  a combination  of  ve- 
getable earth,  fait,  acid,  water,  air,  and  oil.  By 
the  application  of  a lufiipient  degree  of  heat, 
the  latter  ingredients  being  volatile,  are  fepa- 
rated in  vapours  •,  the  earth  with  the  fixed  alca- 
line  fait  remaining  behind.  The  like  may  be 
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obferved  of  other  animal  and  vegetable,  and  of 
many  of  the  mineral  fubftances  alfo. 

i r 

In  cafes  however  where  the  attraction  of  the 
ingredients  is  very  ftrong,  this  decompofition 
cannot  be  effected  by  our  fires.  For  example, 
vitriolated  tartar  is  a combination  of  the  vitrio- 
lic acid  with  fixed  alcali.  The  acid,  though  vo- 
latile, cannot  be  feparated  from  the  alcali  by 
the  utmofl  force  of  our  furnaces,  by  reafon  that 
it  is  fo  ftrongly  attracted  by  the  alcali.  The 
like  may  be  obferved  of  fome  other  fubftances. 

« , r«  - ...»  ’ • r *• 

In  the  inftances  laft  mentioned,  the  power  of 
the  fixed  ingredient  fixes  alfo  the  volatile  one. 
There  are  others,  in  which  the  volatile  one  vo- 
latilizes alfo  the  fixed.  Thus,  fedative  fait  of 
Homberg  is  fixed.  But  if  it  be  combined  with 
water,  the  water  carries  it  up  with  itfelf  in  va- 
pour. Iron  is,  in  like  manner,  volatilized  by 
fal  ammoniac. 

If  fubftances  of  different  volatility  be  mixed 
together,  and  have  but  little  or  no  attraction  for 
each  other,  the  molt  volatile  may  be  driven  over 
in  diff illation  ; leaving  the  other,  or  others,  be- 
hind j provided  only  fuch  a degree  of  heat  be 
applied,  as  is  juft  lufficient  to  raife  the  former 
in  vapors,  but  not  the  latter.  Thus,  if  water 
fpirit  of  wine  be  mixed  together,  both  which 

are 


90 


CHEMISTRY. 


are  volatile,  the  fpirit  will  rife  firft,  the  water 
not  till  the  heat  becomes  greater.  In  like  man- 
ner, water  may  be  raifed  from  fpirit  of  vitriol ; 
the  acid,  being  more  fixed,  remaining  concen- 
trated behind.  So  volatile  alcali  may  be  fepa- 
rated  from  water  ; eflential  oils  from  thofe  of  a 
more  fixed  nature  : And  hence  alfo,  the  matters 
obtained  by  diftilling  hartfhorn,  guaiacum,  and 
other  fubftances,  may  be  feparated  from  one  an- 
other, as  you  find  by  their  procefies  in  chemical 
books.  • • ’ 

But  in  cafes  where  the  principles  ftrongly  at- 
tract each  other,  they  will  not  be  feparated,  but 
both  rife  together  in  their  combined  Rate. 
Thus,  the  marine  acid  and  volatile  alcali,  are 
both  volatile  ; but  the  latter  more  fo  than  the 
former.  Yet  heat  does  not  feparate  them,  as  in 
the  cafes  laft  mentioned,  but  they  both  rife  to- 
gether in  the  form  of  fal  ammoniac.  So  fulphur 
and  quickfilver  rife  together  in  the  form  of  cin- 
nabar; and  the  like  happens  in  many  other 
inftances. 

**  *-  v • ' • 

If  in  a fubftance  to  be  diftilled,  oil  and  water 

are  contained,  they  may  both  be  driven  over 
into  the  receiver;  and  as  they  will  not  mix,  the 
oil  will  either  float  at  top,  or  fink  to  the  bot- 
tom, according  as  its  fpecific  gravity  is  greater 
or  lels ; and  therefore  they  may  be  feparated  by 
filtration,  or  other  mechanical  methods  contrived 

for 
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for  that  purpofe.  Hence  efiential  oils  are  ob- 
tained by  diftillation.  And  the  like  may  be  ob- 
ferved  of  other  matters,  which  will  not  mix  ; as 
of  quickfilver  and  water,  water  and  phof- 
phorus,  &c.  Hence  though  the  matters  may 
be  of  different  volatility,  yet  the  neceffity  of  the 
mode  of  feparating  them  by  heat,  is,  in  thefe 
cafes,  fuperfeded. 

. ; :;7 1 :h.  " . t"-  . 1 

It  fhould  be  obferved,  that  air  has  fome  fhare: 
in  the  bufinefs  of  volatilization.  Thus,  water 
placed  in  vacuo,  evaporates  with  much  greater 
difficulty  than  when  the  vefiel  contains  air,  or 
when  in  open  expofure  to  that  element.  The 
air  in  this  cafe  a£ls  as  a inenfiruum,  or  folvenL 
See  alfo  what  was  faid  on  this  fubject,  in  the 
chapter  on  Air. 
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OF  MENSTRUA 


ONE  of  the  moft  ufeful  branches  of  che- 
miftry  depends  on  the  doCtrine  of  men- 
ftrua.  The  extracting  of  tinctures,  decoctions 
and  infufions  depend  on  this  principle. 

v . ; c-  r . . . . 

In  order  to  effect  folution,  one  of  the  fub- 


ftance  is  called  the  folvent  or  menflruum. 


There  are  fome  bodies  which  dilfolve  intirely 
in  certain  menftrua.  Thus  fugar  wholly  dif- 
folves  in  water-,  camphire  is  totally  diffolved 
by  fpirit  of  wine  j wax  diffolves  intirely  in  oil ; 
and  quickfilver  in  fpirit  of  nitre.  In  many  in- 
ftances,  thefe  folutions  may  be  made  in  the  ufual 
temperature  of  the  atmofphere.  Others  require 
heat  to  diffolve  them ; but  in  all  thefe  cafes, 
agitation  greatly  facilitates  the  folution,  as  by 
it  the  unfaturated  parts  of  the  menflruum  are 
applied  to  the  fubftance  to  be  diffolved.  This 
operation  depends  on  the  principle  of  attraction, 
already  fpoken  of.  Thus  fpirit  of  wine  diffolves 
camphire,  becaufe  there  is  a mutual  attraction 
between  the  particles  of  thefe  ingredients.  But 
camphire  is  not  diffolvable  by  water,  for  want 


ftances  at  leaft  muft  be  fluid.  The  fluid  fub- 
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of  fuch  mutual  attradlion.  Spirit  of  wine  there- 
fore is  a menftruum  for  camphire,  water  not. 

In  moft  cafes,  however,  only  part  of  the  prin- 
ciples of  which  a body  is  compofed  are  foluble 
in  any  one  menftruum  ; for  example,  aloes  con- 
llfts  of  two  different  fubftances  or  principles, 
a refin  and  a gum  •,  fpirit  of  wine  diffolves  refin- 
ous  fubftances,  but  will  not  touch  gummy  ones. 
If,  therefore,  it  be  required  to  extradl  the  refm 
from  the  aloes,  it  muft  be  digefted  in  fpirit  of 
wine.  The  refin  will  be  diffolved,  the  gum 
remaining  behind.  But  gummy  fubftances  are 
diffolved  by  water.  Hence,  if  it  be  required  to 
extradl  the  gummy  part  from  the  aloes,  water 
muft  be  ufed  : when  therefore  tindlures  are  ex- 
tradled  from  fubftances  with  pure  fpirit  of  wine, 
it  is  with  a view  of  obtaining  their  more  oily  or 
refinous  parts.  Hence,  the  tindlures  of  affafce- 
tiaa,  guaiacum,  balfam  of  Tolu,  and  the  like. 

On  the  contrary,  when  water  is  employed, 
whether  in  the  way  of  infufion  or  decodtion,  it 
is  with  defign  to  extradl  the  faline,  gummy,  ge- 
latinous and  mucilaginous  parts ; of  all  which 
water  is  a folvent. 

By  treating  any  fubftance  therefore,  firft  with 
fpirit  of  wine,  and  afterwards  with  water,  or  firft 
with  water,  and  afterwards  with  fpirit  of  wine, 
we  extradl  from  it  both  its  refinous  and  faline 
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and  gummy  parts.  If  the  fubftance  contains 
no  other  than  thefe  (as  is  the  cafe  with  aloes, 
affafoetida,  &c.)  it  will  be  totally  diflolved.  But 
if  it  alio  contains  earthy,  or  other  matters,  not 
foluble  in  thofe  menftrua,  thofe  parts  will  re- 
main behind. 

If,  however,  water  and  fpiritof  wine  be  mixed 
together,  they  will  not  always  diflblve  thofe 
lubftances  which  are  wholly  foluble  by  them 
when  applied  fucceflively,  becaufc  they  then 
weaken  each  other’s  attractive  or  folvent  virtues. 
Thus,  water  and  fpirit  of  wine  will  not  diftolve 
aloes,  afiaxcetida,  &c.  The  tinCture,  however, 
which  is  extracted  by  this  mixture,  partakes 
both  of  gummy  and  laline,  and  of  refinous  parts, 
though  in  a lefs  degree  than  when  employed 
feparate. 

For  the  fame  reafon,  if  the  tinCtures  drawn 
by  thofe  menftrua  feparately,  be  mixed  to- 
gether, they  will  not  incorporate  into  a clear 
ttnCture ; but  becaufe  the  forces  of  the  men- 
ftrua are  mutually  weakened,  they  each  let  go 
part  of  what  it  before  retained ; the  mixture 
in  courfe  becomes  muddy,  and  a precipitation 
enfues. 

' 

Heat  increafes  the  diffolving  power  of  men- 
ftrua, and  in  fome  cales  gives  that  power  where 
it  did  not  before  appear.  Hence  many  fpirituous 
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tindtures  are  directed  to  be  drawn  with  heat; 
and  watery  ones  are  moft  generally  made  either 
with  hot  water,  or  by  adtual  boiling. 

In  many  cafes,  the  part  of  t-he  fubftance  dif- 
folved  carries  with  it  into  the  tindture,  infufion, 
or  decodtion,  many  particles  of  the  fubftance, 
not  naturally  foluble  in  that  menftruum.  Thus, 
wine  extradts  part  of  the  refin  from  opium,  which 
it  lets  go  again  in  time.  Water  draws  out  not 
only  the  faline  and  gummy,  but  alfo  great  part 
of  the  refinous,  and  even  woody  parts  from  bark; 
but  lets  them  fall  to  the  bottom,  in  great  mea- 
fure,  after  ftanding  a fufficient  time.  Thus  alfo 
water  diffolves  gum  ammoniac,  aflafoetida,  &c. 
into  milky,  or  otherwife  turbid  liquors.  The  tur- 
bidnefs  Ihews  the  tindture  to  be  imperfedt ; and 
arifeth  from  the  refinous  parts  ftill  held  by  the 
others,  which  the  water  diffolves,  and  which, 
therefore,  is  rather  a mixture  than  a tincture, 
and  will,  in  time,  feparate.  Oil  is  in  like  man- 
ner mixed  imperfedUy  with  water,  by  means  of 
an  alcali ; the  water  diflolving  the  alcali,  and 
that  ftill  retaining  the  oil.  Hence  the  turbidnefs 
or  milky  appearance  of  that  mixture. 

In  common  diftillation,  the  water  ufed  for 
diftilling  ftmple  waters,  and  the  fpirit  of  wine 
employed  in  the  diftillation  of  ipirituous  ones, 
adt  alfo  as  menftrua.  In  the  former  cafe,  the 
faline  parts  of  the  vegetable 'fubftance  are  dif- 
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folved  in,  and  carried  over  by,  the  vapour  of 
the  water : in  the  latter,  the  refinous,  or  thofe 
depending  on  the  effential  oil,  are  in  like  man- 
ner extracted  and  carried  over  by  the  vinous  fpi- 
rit.  Thefe  therefore  may  alfo  be  confidered  in 
the  light  of  infufions  or  deco&ions,  and  tinctures; 
the  only  material  difference  being,  that  in  or- 
dinary decoctions  and  tinctures,  the  more  fixed 
parts  of  the  fubftance  are  alfo  retained  by  the 
menitruum ; in  diflillation,  only  the  volatile 
parts. 

Any  other  fluid  that  acfts  on,  and  diffolves 
the  whole,  or  any  part  of  a fubftance,  may 
alfo  be  confidered  as  a menftruum.  Thus,  oils 
are  menftrua  to  many  fubftances  which  water 
and  fpirit  of  wine  will  not  touch.  Acids  are 
menftrua  to  metals,  earths,  &c.  Air  is  a men- 
ftruum to  water,  and  other  matters;  by  which 
means  their  volatilization  is  alfo  facilitated,  as 
hath  been  obferved.  Subftances  reduced  to  va- 
pour, or  air,  even  a <51  more  powerfully  than  in 
a fluid  form.  Thus,  fpirit  of  fait  and  fpirit  of 
wine  will  not  form  ether,  unlefs  mixed  together 
in  a vapoury  ftate ; and  there  are  other  inftances 
of  a like  nature. 

From  hence  it  appears,  that  the  decompo- 
fition  of  bodies  by  means  of  menftrua,  forms  an 
extenfive  branch  of  chemiftry ; and  it  has  this 
excellence,  that  the  virtues  of  animal  and  vege- 
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table  fubftances  may  be  extracted,  at  leaft  by 
water  and  fpirit  of  wine,  without  alteration, 
which  is  not  commonly  the  cafe  with  operations 
by  the  retort.  For  example,  by  the  retort  all 
vegetables  yield  nearly  the  fame  principles,  viz. 
oil,  an  acid,  water,  fixed  alcali,  and  earth ; and 
the  like  may  be  obferved  of  the  diftillation  of 
animal  fubftances  by  the  fame  method.  But  by 
means  of  water,  and  fpirit  of  wine,  as  above, 
their  refpedtive  virtues  may  be  obtained  unal- 
tered. The  like  holds  good  with  extra&s,  as 
will  be  feen  in  the  next  chapter. 
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CHAPTER  III. 

OF  EXTRACTS. 

TFIE  doftrine  of  extracts,  according  to  the 
ftricSt  Tenfe  of  the  word,  depends  on  the 
two  preceding  heads  of  volatilization  and  men- 
ftrua. 

Extracts  may  be  divided  into  fpirituous,  wa- 
tery, &c.  according  to  the  nature  of  the  raen- 
ftruum  employed,  and  of  the  extract  to  be  made. 

A refinous  extraft  is  drawn  by  means  of 
vinous  fpirit;  for  example,  if  I would  extract  the 
refinous  part  of  aloes,  bark,  or  any  other  fub- 
ftance,  1 bruife  the  ingredient  and  infufe  it  in 
rectified  fpirit,  with  a proper  degree  of  heat, 
agreeable  to  what  was  delivered  in  the  laft  chap- 
ter : I then  decant,  or  filter  the  liquid  and  as 
the  fpirit  is  more  volatile  than  the  refin,  it  may 
be  raifed  from  it  by  evaporation,  or  by  diftil- 
lation,  as  may  be  underftood  from  what  was  de- 
livered in  the  9th  chapter ; the  refin  remaining 
at  the  bottom. 

If  I would  extraffc  the  faline  or  gummy  mat- 
ter from  a fubftance,  I boil  or  infufe  it  in  wa- 
ter, and  afterwards  diitil  or  evaporate  the  water 
by  a proper  degree  of  heat-,  the  extract,  being1) 
lefs  volatile,  remaining  behind. 
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As  fpirit  of  wine  evaporates  with  lefs  heat 
than  water,  extracts  made  by  the  former  contain 
more  of  the  volatile  parts  of  the  fubftance,  than 
thofe  made  by  the  latter.  For  though  you  may 
oblerve,  that  in  an  extract  or  refin  only  the  more 
fixed  parts  of  the  fubftance  can  be  retained,  the 
volatile  ones  flying  off  in  evaporation  ; yet  the 
more  of  thofe  volatile  parts  that  can  be  retained, 
the  more  of  the  virtue  of  the  fubftance  will  the 
medicine  contain.  Hence  the  flower  the  evapo- 
ration proceeds,  the  better  will  the  extract  be. 

In  order  that  it  may  contain  as  much  as  pof- 
fible  of  the  virtue  of  a fubftance,  the  gummy 
and  faline,  and  the  refinous  parts  are,  in  fome 
cafes,  directed  to  be  feverally  drawn  with  water, 
and  fpirit  of  wine.  Thus,  in  fome  recipes,  a 
tincture  is  directed  to  be  drawn  from  bark  with 
fpirit  of  wine,  in  order  to  extract  the  refin,  and 
the  bark  to  be  afterwards  boiled  in  water,  to  get 
out  the  other  principles.  Thefe  tinCtures,  or 
rather  the  extracts  made  from  them  when  nearly 
reduced,  are  then  directed  to  be  mixed  together; 
luch  ah  extraCt  therefore  contains  both  the  re- 
finous and  faline-mucilaginous  principles ; or, 
in  other  words,  the  whole  virtue  of  the  bark. 


By  proper  management  an  extraCt  fimilar  to 
the  above  may  be  drawn  with  water,  alone. 
1 hus,  a fmall  quantity  of  water  is  added  to 
opium,  only  lufficient  to  make  it  into  a pulp ; the 
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gummy  and  faline  parts  are  hereby  fufficiently 
didolved.  At  the  fame  time  the  refin  is  melted 
by  the  heat,  and  as  the  mixture  is  thick,  does 
not  feparate,  but  is  entangled  by  and  blended 
with  the  other  parts,  fo  as  to  pafs  the  drainer 
together.  A due  degree  of  heat  afterwards  re- 
duces it  to  its  proper  confidence. 

Any  liquid  fubdance,  vegetable  juice,  &c. 
properly  evaporated,  may  alfo  be  called  an  ex- 
tract. Thus  the  juice  of  elder-berries  evapo- 
rated, called  rob  of  elder,  is  an  extract.  Sugar 
of  lead,  extracted  from  cerufe,  or  litharge  by  vi- 
negar, and  then  evaporated,  is  an  extract  •,  and 
fo  of  others. 
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CHAPTER  IY. 

OF  FERMENTATION. 

VEGETABLE  and  animal  fubftances 
only  are  fubjedt  to  this  procefs.  There 
are  feveral  ftages  of-  it ; all  of  which  vegetable, 
but  not  animal  fubftances,  may  undergo. 

By  fermentation,  the  particles  of  the  com- 
pound fuffer  a new  arrangement ; fo  that  the 
properties  of  the  fubftance  become  different 
from  what  they  were  before. 

If  a vegetable  juice  (of  grapes,  for  example) 
be  fermented,  it  will  yield  on  diftillation,  in- 
flammable fpirit,  which  the  muft  did  not  yield 
before  fermentation.  This  is  called  the  vinous 
fermentation. 

If  the  fame  liquid  be  farther  fermented,  it 
yields  vinegar,  which  could  not  be  obtained  from 
the  liquid  before,  either  in  its  original  or  vinous 
ftate.  This  therefore  is  called  the  acetous  fer- 
mentation. 

The  third  ftage  of  fermentation,  is  putre- 
faction-, by  which  the  lubftance  is  converted 
firlt  into  a mucilage,  and  afterwards  into  cal- 
careous earth,  marine,  and  other  acids,  and  vo- 
latile alcali  which  efcaping  with  a portion  of 
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oily  matter,  occafions  the  difagreeable  fmell  a, 
riling  from  putrifying  fubftances. 

Animal  fubftances  can  only  pafs  through  the 
latter  ftage,  and  therefore  have  probably  already 
undergone  the  former. 

A quantity  of  fixed  air  efcapes  from  the  fer- 
menting fubftances  during  their  firft  ftages  * 
but  in  putrefadhon,  inflammable  air  alfo  arifeth. 
In  all  fermentations  therefore,  not  only  new  ar- 
rangements of  the  particles  take  place,  but  part; 
of  them  are  feparated,  and  fly  off. 
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’ SECTION  III. 

BEFORE  we  enter  on  the  fubjed  of  this 
fedion,  it  may  not  be  improper  to  premife 
the  following,  taken  from  the  writings  of  the 
ingenious  Dr.  Fordyce  to  which  we  are  alfo 
indebted  for  the  chapter  on  fermentation. 

COMBINATION  IS  OF  TWO  KltfDS  *,  MECHANICAL 
AND  CHEMICAL. 

Mechanical  combination  is  alfo  of  two  kinds. 
Firft,  Mixture  \ when  the  particles  of  one  of  the 
bodies  attract  one  another  ftronger  than  they 
do  thofe  of  the  other.  In  this  cafe,  if  they  be 
both  fluid,  the  one  which  is  leaf!  in  quantity,  is 
broke  down  into  fpheres  ; as  oil  is  when  mixed 
with  water. 

Secondly,  Diffuftcn  when  the  particles  of  one 
of  the  bodies  attrad  thofe  of  the  other.  In  this 
cafe  they  intermix  equally.  Thus,  folution  of 
blue  vitriol  mixes  uniformly  with  water. 

In  mechanical  combination,  the  properties  of 
the  elements  remain  exadly  the  fame  as  before 
the  mixture-,  and  the  properties  of  the  compound 
depend  on  them. 
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When  the  bodies  are  of  different  fpecific  gra- 
vity, they  remain  mixed  from  friftion ; and  the 
attra&ion  of  the  particles  of  the  one  in  the 
largeft  quantity,  to  one  another. 

But  in  chemical  combination,  the  fubftances 
unite  by  an  attraction  which  takes  place  between 
themfelves,  without  any  external  power. 

A particle  of  each  element  unite  together  fo 
as  to  form  but  one  particle,  confidered  mecha- 
nically. Thus  nitrous  acid,  and  fixed  vegetable 
alcali,  form  nitre  •,  which  is  to  be  confidered 
mechanically  as  one  fimple  fubftance. 

The  properties  of  the  compound  do  not  de- 
pend on  the  properties  of  the  elements. 

No  mechanical  power  can  feparate  the  fub- 
ftances fo  combined. 

A compound  may  become  an  element.  Thus, 
vitriolic  acid  and  phlogifton  form  fulphur.  But 
fulphur  with  fixed  alcali,  forms  hepar  lulphuris; 
fo  that  in  this  cafe  the  fulphur,  though  a com- 
pound of  two  other  principles,  is  only  an  ele- 
ment of  the  hepar. 

Elements  remain  combined  from  the  attrac- 
tion which  takes  place  between  them. 
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ELECTIVE  ATTRACTIONS. 


I.  VITRIOLIC  ACID. 


Phlogifton 

Fixed  Alcali 

Volatile  Alcali 

Magnefta 

Zinc 

Iron 

Copper 

Water 


Sulphur 
Tart.  Vitriolat. 

Sal  Ammon.  Vitriolic 
Sal  Cath.  Amar. 
Vitriol  Alb. 

Virid. 

Caerul, 

Spirit.  Vitrioli 


Phlogifton 
Fixed  Alcali 
Volatile  Alcali 
Iron 
Copper 
Silver  ■ 

Water 


5.  FIXED  VEGETABLE  ALCALI. 


Vitriolic  Acid 
Nitrous  Acid 
Marine  Acid 
Acetous  Acid 
Fixed  Air 


Tartar  Vitriolat. 
Nitre 

Sal  Digeftivus 
Tartar  Regenerat. 
Mild  Fixed  Alcali 


9.  EARTH  OF  MAGNESIA. 


Vitriolic  Acid 
Nitrous  Acid 
Marine  Acid 
Vegetable  Acid 
Fixed  Air 


Epfom  Salt 


Magnefta 


13.  SPIRIT  OF  WINE. 


Water 

E.Tential  Oils 


Spirit.  Vin.  ten. 
E Fences 


2.  NITROUS  ACID. 


Nitrous  Air 
Nitre 
Sal  Ammon.  Nitros 


Lunar  Cauftic 
Sp.  Nitri 


6.  FIXED  FOSSIL  ALCALI. 


Vitriolic  Acid 
Nitrous  Acid 
Marine  Acid 
Vegetable  Acid 
Fixed  Air 


Sal  Glauberi 
Nitrum  Cubicum 
Common  Salt 
Rochel  Salt 
Mild  foffil  Alcali 


10.  METALS. 

Marine  Acid 
Vitriolic  Acid 
Nitrous  Acid 
Acetous  Acid 


14.  water. 

Spirit  of  Wine 
Volatile  Alcali 


Sp.  ofSal  Ammoniac 


3.  MARINE  ACID. 

Fixed  Foffil  Alcali 

Calcareous  Earth 

Volatile  Alcali 

Regulus  of  Antimony- 

Silver 

Mercury 

Lead 

Water 


Common  Salt 
Liquid  Ihell 
Sal  Ammoniac 
Butter  of  Antimony 
Luna  Cornua 
Merc.  Corrof.  Subl. 
Plumbum  Cornuum 
Spirit  of  Salt 


7.  VOLATILE  ALCALI. 


Vitriolic  Acid 
Nitrous  Acid 
Marine  Acid 
Vegetable  Acid 
Fixed  Air 


Sal  Ammon.  Vitriolic 

Nitrous 

Commun. 

Vegetabil. 

Mild  Volatile  Alcali 


II.  PHLOGISTON. 
Air 

Vitriolic  Acid 
Phofphoric  Acid 
Metallic  Calces 
Veget.  Si  Anim.  Earth 


Phlogifticated  Air 

Sulphur 

Phofphorus 

Metals 

Coal 


1 5.  FIXED  AIR, 

Calcareous  Earth 
Earth  of  MagneFa 
Fixed  Alcali 
Volatile  Alcali 


Chalk 
Magnefta 
Mild^Rced  Alcali 
Mild  y^atile  Alcali 
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4.  ACETOUS  ACID. 


Fixed  Alcali 

Volatile  Alcali 

Magnefta 

Lead 

Copper 

Water 


Tart.  Solub. 
Spirit  Mindereii 

Sacc.  Saturn, 
Cryftal.  Veneris 
Vinegar 


S.  CALCAREOUS  EARTH. 


Vitriolic  Acid 
Nitrous  Acid 
Marine  Acid 
VcgetableAcid 
Fixed  Air 
Water 


Selenitis 

Nitrous 

Liquid  Ihell 

Quick  Lime 
Lime  Water 


12.  SULPHUR. 


Fixed  Alcali 
Abforb.  Earth 
Volatile  Alcali 
Iron 

Reg.  of  Antim. 
Mercury 


Hepar  Sulphuris 


Antimony 

Cinnabar 


I 6.  PURE  AIR. 


Phlogifton 
Fire  ? 


Phlogifticat.  Aii 
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OF  CHEMICAL  COMBINATION  AND  DECOM- 
POSITION. 

The  later  writers  on  chemiftry  have  comprized 
aim  oft  the  whole  of  this  branch  of  the  icience  into 
a brief  fynopfis,  which  they  call  the  Table  of  Af- 
finities, or  Elective  Attractions',  wherein  the  feveral 
fubftances  are  difpofed  according  to  the  relations* 
or  attractions  which  they  have  to  each  other, 
and  on  which  the  operations  of  chemiftry  for  the 
moft  part  depend.  The  annexed  fcheme  con- 
tains as  much  of  thefe  tables  as  was  judged  ne- 
cefiary  to  the  prelent  purpoie.  To  underftand 
this  table,  you  muft  obferve,  that  the  fubftance 
at  the  top  of  any  column,  combined  with  either 
of  the  fubftances  beneath  it,  form  the  compound 
wrote  againft  the  latter  on  the  right  hand.  Thus 
vitriolic  acid,  and  fixed  vegetable  alcali,  form 
vitriolated  tartar.  And  you  are  farther  to  obferve, 
that  the  fubftance  at  the  top  of  a column  is  ca- 
pable of  attracting  and  combining  with  any  of 
the  fubftances  underneath  it,  but  that  the  com- 
bination is  weakeft  with  thofe  fubftances  which 
are  at  the  greateft  diftance.  Aifo  when  any  one 
of  the  fubftances  in  a column  is  combined  with 
that  at  the  top  of  that  column,  any  of  the  fub- 
ftances above  it  will,  by  means  of  a fuperior  at- 
traction, unite  with  the  latter,  and  expel  the 
former. 
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For  example  •,  ic  will  be  feen  by  the  thirteenth 
column,  that  fpirit  of  wine  will  unite  with  efien- 
tial  oil.  Thus,  oil  of  peppermint,  mixed  with 
fpirit  of  wine,  forms  efience  of  peppermint.  But 
water  is  above  efiential  oil  in  the  column,  which 
ffiews,  that  there  is  a ftronger  attraction  between 
fpirit  of  wine  and  water,  than  between  that  fpirit 
and  oil.  If  therefore  water  be  added  to  efience 
of  peppermint,  the  fpirit  will  let  go  the  oil,  to 
combine  with  the  water.  Hence  we  find,  that 
when  efience  of  peppermint  is  mixed  with  water, 
a milky  appearance  enfues,  occafioned  by  the 
feparated  oil ; which,  after  a while,  riles  to  the 
furface,  leaving  the  liquid  beneath  it  clear. 

Having  thus  given  a general  idea  of  the  table, 
and  doctrine  of  affinities,  or  elective  attractions, 
I ffiall  proceed  to  the  fubject  propofed.  In  each 
procefs,  I lhall  mention,  as  far  as  may  be  necef- 
fary,  the  circumftances  or  conditions  requifite 
to  be  obferved  •,  and  as  vitriolated  tartar  is  one 
of  the  molt  obvious  inftances  of  chemical  com- 
bination, I lhall  begin  with  it. 

This  neutral  fait  is  conipofed  of  vitriolic  acid, 
and  caullic  fixed  vegetable  alcali,  as  you  will 
find  by  the  table,  in  the  columns  for  thole  prin- 
ciples. But  vitriolic  acid  is  not  to  be  met  with 
pure.  The  molt  Ample  that  we  have,  is  com- 
bined with  water,  in  the  form  of  fpirit  of  vitriol*, 
the  alcali  however,  may  be  had  pure.  Thus, 
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the  lapis  fepticus,  or  potential  cautery,  is  the 
pure  fixed  vegetable  alcali.  If  this  alcali  be 
added  to  the  fpirit  of  vitriol,  it  will  attradl  the 
acid  from  the  water,  or  in  other  words,  the  par- 
ticles of  the  acid,  being  more  powerfully  attract- 
ed by  the  particles  of  the  alcali  than  by  thofe  of 
the  water,  will  quit  the  latter  to  combine  with 
the  former.  If  only  juft  as  much  alcali  be  added 
as  is  fufficient  to  faturate  the  acid,  the  mixture 
will  contain  nothing  but  vitriolated  tartar,  and 
water ; the  water  may  be  evaporated  by  heat,  and 
the  neutral  fait  will  remain  behind  •,  or  if  it  be 
required  in  cryftals,  the  evaporation  may  be  only 
carried  on  in  part,  and  then  the  mixture  fet  in  a 
cool  place,  for  the  cryftals  to  fhoot,  as  diredted 
in  books  of  practical  chemiftry. 

When  thefe  ingredients  are  mixed  in  fuch 
proportions  as  perfedtly  to  faturate  each  other, 
the  acid  will  have  loft  its  four  tafte,  and  the 
alcali  its  acrid  one.  This  mutual  lofs  of  tafte, 
is  a very  remarkable  c ire  urn  fiance.  Oil  of  vitriol 
is  the  moft  cauftic  of  all  acids,  and  has  perhaps, 
the  ftrongeft  tafte  of  any  other  known  lubftance. 
The  tafte  and  caufticity  of  the  aicali  are  almoft 
as  great.  Both  of  them  pain  and  burn  the  flefft 
in  a manner  almoft  fimilar  to  fire.  Yet  when 
thefe  two  principles  are  combined,  they  form  a 
fubftance  which  has  hardly  any  tafte,  or  none 
refembling  that  of  either  of  the  ingredients.  This 
lofs  of  tafte  is  generally  proportional  to  the  force 

with 
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with  which  the  ingredients  combine.  Thus  vi- 
triolic acid  and  water,  or  oil  of  vitriol,  has  a 
very  ftrong  tafte.  If  it  be  combined  with  vola- 
tile aicali,  its  tafte  is  weaker,  becauie  it  attracts 
that  fubftance  more  powerfully  than  it  does  wa- 
ter, orexhauftson  it  more  of  its  attracting  force. 
If  it  be  combined  with  fixed  aicali,  as  above,  the 
tafte  is  ftilllefs-,  and  if  with.phlogifton,  as  in 
fulphur,  its  tafte  is  entirely  loft.  Its  attraction 
to  phlogifton  is  lo  ftrong,  that  it  leems  to  exert 
its  whole  attradtive  power  on  it,  and  therefore 
with  its  lol’s  of  attraction,  dofes  its  tafte  j for  tafte 
being  caufed  by  the  attraction  between  the  tongue 
and  the  fubftance  applied  to  it,  if  the  fubftance 
has  no  attradtive  force  remaining,  it  can  have  no 
tafte. 

So  again,  the  cauftic  fixed  aicali  has  a very 
powerful  tafte.  When  it  is  combined  with  fixed 
air,  as  in  the  mild  vegetable  aicali,  the  tafte  is  lefs. 
When  with  the  muriatic  acid,  as  in  common  fait, 
it  is  ftill  weaker,  and  when  with  vitriolic  acid, 
as  above,  leaftofall;  its  tafte  being  lefs,  as  the 
force  of  its  attraction  is  more  exhaufted.  This 
rule  maybe  applied  to  other  acids,  alcalis,  and 
earths.  There  are,  however,  l'ome  exceptions 
to  it,  which  yet  perhaps  may  depend  on  other 
caufes.  Thus,  nitre  has  a ftronger  tafte  than 
foluble  tartar,  and  tart,  vitriolat.  than  felenitis, 
though  the  attractions  of  their  relpedtive  ingre- 
dients are  the  reverfc;  as  may  be  feen  by  the  table. 
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Vitriolated  tartar  may  be  made,  not  only  in 
the  manner  defcribed  above,  but  with  many 
fubftances  which  contain  the  two  ingredients  of 
which  it  is  compoled  ; and  the  fait  may  after- 
wards be  extracted  from  the  mixture  by  chemical 
art.  For  example, 

Mild  fixed  alcali  is  a combination  of  the  pure 
fixed  alcali  with  fixed  air.  If  this  be  ufed  inftead 
of  the  pure,  the  alcali  will  quit  the  fixable  air 
with  which  it  is  combined,  and  unite  with  the 
acid,  by  which  it  is  more  powerfully  attracted. 
The  air  thus  let  go  by  the  alcali,  refumes  its 
elaftic  Hate,  and  by  its  flight  caufeth  an  effer- 
vefcence  in  the  liquid.  What  remains  is  the 
fame  mixture  of  vitriolated  tartar  and  water  as 
in  the  former  procefs,  and  the  fait  may  be  ob- 
tained from  it  in  the  fame  manner. 

Green  vitriol  is  a combination  of  vitriolic  acid 
with  iron.  If  caufiic  fixed  alcali  be  added  to  this 
compound,  the  acid  quits  the  iron  to  unite  with 
the  alcali,  by  which  it  is  more  powerfully  attract- 
ed ; the  iron  will  fettle  at  the  bottom  in  form 
of  a powder,  from  which  the  clear  liquor  may 
be  poured  off,  and  the  fait  may  be  feparated 
from  the  water  in  the  manner  already  defcribed. 
The  like  may  be  obferved  of  the  other  vicriols. 
of  alum,  and  of  Epfom  fait. 
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But  it  is  worthy  of  remark,  that  if  this  laft 
fubftance,  and  mild  fixed  alcali  be  ufed,  the 
fixable  air  of  the  latter  will  not  fly  off  in  its  elartic 
lfate  in  the  manner  defcribed  above,  but  unite 
with  the  magnefia  feparated  from  theEpfom  fait 
by  the  alcali,  fo  that  there  will  be  two  new  com- 
pounds formed.  The  Epfom  fait  is  vitriolic 
acid  combined  with  magnefia  •,  the  acid,  uniting 
with  the  alcali,  forms  vitriolated  tartar;  and 
the  magnefia,  uniting  with  the  fixable  air,  forms 
the  common  mild  or  uncalcined  magnefia,  for 
it  muft  be  obferved,  that  the  calcined , is  the 
pure  magnefia,  the  common  is  magnefia  combined 
with  fixable  air,  like  the  mild  alcali.  The  fame 
double  decompofition  takes  place  when  felenitis 
and  mild  alcali  are  ufed,  and  in  many  other  cafes, 
and  this  is  called  double  affinity , or  double  elective 
attraction,  as  the  former  is  termed  Jingle,  becanfe 
there  are  two  new  compounds  produced  in  the 
latter  cafe,  and  only  one  in  the  former. 

Again,  nitre  is  a combination  of  fixed  vege- 
table alcali  with  nitrous  acid,  as  you  will  find 
by  the  table.  But  if  oil  of  vitriol  be  added,  the 
alcali  will  quit  the  nitrous  acid  to  unite  with  the 
vitriolic,  by  which  it  is  more  powerfully  attra&ed, 
and  the  nitrous  acid  will  unite  with  the  water; 
fo  that  here  alfo  we  have  a double  affinity.  The 
mixture  therefore  is  now  vitriolated  tartar,  and 
fpirit  of  nitre.  The  latter  may  be  diftilled  over 
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with  a fufficient  degree  of  heat,  leaving  the 
former  behind. 

Vitriolated  tartar  may  be  obtained  in  like 
manner  from  fal  digeftivus,  and  from  regenerated 
tartar,  by  adding  to  them  the  vitriolic  acid,  with 
this  only  difference,  that  fpirit  of  fait  and  vege- 
table acid  are  refpecftively  obtained  inftead  of 
fpirit  of  nitre. 

What  has  been  faid  of  vitriolated  tartar  may 
be  applied  in  great  meafure  to  nitre  and  fea 
fait. 

Thus,  by  mixing  fpirit  of  nitre  with  pure 
vegetable  alcali,  nitre  may  be  obtained  in  like 
manner  as  tart,  vitriol,  was  from  the  fame  alcali 
and  fpirit  of  vitriol.  If  nitrous  acid  be  combined 
with  fome  other  fubftance,  to  which  it  has  a 
weaker  attraction  than  to  the  vegetable  alcali, 
nitre  may  be  formed,  as  tart,  vitriolat.  was  with 
green  vitriol,  and  alcali.  Alfo,  if  the  fixed  ve- 
getable alcali  be  combined  with  any  fubftance, 
by  which  it  is  lefs  ftrongly  attracted  than  by  the 
nitrous  acid,  nitre  may  be  made  by  adding  the 
nitrous  acid,  as  vitriolated  tartar  was  made  by 
adding  fpirit  of  vitriol  to  nitre,  fal  digeftivus, 
or  regenerated  tartar. 

So  fea  fait  may  be  formed  by  adding  fpirit 
of  fait  to  natron  •,  or  with  fpirit  of  lalt  and  fal 
Roehel : or  with  natron  and  fal  ammoniac,  but- 
ter 
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ter  of  antimony,  or  corrofive  fublimate  of  mer- 
cury. 

So  likewife  regenerated  tartar  may  be  formed 
with  fixed  alcali  and  vegetable  acid  ; with  fixed 
alcali  and  fugar  of  lead  •,  with  fixed  alcali  and 
fpiritus  Mindereri  i and  the  like.  All  which 
require  no  explanation,  as  they  will  be  eafily 
underftood  from  what  has  been  faid  of  vitriolated 
tartar.  Yet,  to  render  the  doftrine  of  chemical 
compofition  ftill  more  clear,  I fhall  give  another 
inftance  in  fai  ammoniac. 

If  fpirit  of  fait  (which  is  a combination  of 
marine  acid  with  water)  be  mixed  with  fp.  fal. 
ammoniac,  cum  calce  (which  is  the  cauftic  vola- 
tile alcali,  alfo  combined  with  water)  to  the  point 
of  faturation,  the  mixture  will  be  common  fal 
ammoniac,  and  water  : The  water  may  be  fepa- 
rated  from  the  fait  by  evaporation,  or  cryftalli- 
zation,  as  fhewn  before  ; or  the  fait  may  be  fub- 
limed  into  a cake,  like  the  fal  ammoniac  of  the 
(hops.  For  the  ingredients  being  both  volatile, 
and  ilrongly  attradling  each  other,  they  will  rife 
in  vapour  in  their  combined  form,  as  hath 
already  been  fliewn  *. 

In  this  cafe  the  volatile  alcali  entirely  lofeth 
its  very  powerful  fmell,  its  particles  being  at- 

tradled 

I 

* A mixture  of  alcaline,  with  marine  acid  air,  forms  this  fait, 
as  was  fhewn  in  a former  chapter. 
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traded,  and  as  it  were,  fixed  by  thofe  of  the 
acid.  The  tafte  alfo  is  nothing  comparable  to 
that  of  the  acid,  or  even  of  the  alcaliin  ftrength* 
for  reafons  already  given. 

If  the  mild  volatile  alcali  be  ufed,  the  fixed 
air  will  be  expelled*  and  fly  off  (hence  the  violent 
effervefcence-,)  and  therefore  the  mixture  will 
be  fal  ammoniac  and  water,  as  when  the  cauftic 
alcali  was  uled . 

If  the  acid  be  combined  with  another  fub- 
ftance to  which  it  has  a weaker  attradion  than 
to  the  volatile  alcali,  it  will  quit  its  union  with 
that  fubftance  to  unite  with  the  alcali.  Thus* 
if  mere.  corr.  fubl.  be  mixed  with  the  volatile 
alcali,  the  acid  will  leave  the  mercury,  and 
form  lal  ammoniac  with  the  fait.  The  mercury 
thus  difengaged,  will  fall  to  the  bottom  in  the 
form  of  a powder,  and  the  fal  ammoniac  may 
be  obtained  from  the  clear  water  in  the  manner 
already  deferibed. 

Alfo  if  the  volatile  alcali  be  combined  with  a 
fubftance  to  which  it  has  a lefs  affinity  than  to 
the  marine  acid,  the  alcaliwillquit  that  fubftance, 
and  form  fal  ammoniac  with  the  acid.  Thus, 
fpiritus  Mindereri  is  this  alcali  combined  with 
j , the  vegetable  acid.  But  fpirit  of  fait  being  added, 
the  alcali  will  leave  the  vegetable,  to  form  fal 
ammoniac  with  the  marine  acid.  The  lalt  may 
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be  feparated  xrom  the  liquor  by  cryftallizatiori*  , { 
or  by  other  means. 

Thefe  instances  will  be  fufficient  to  give  you  | j 
an  idea  of  chemical  combination.  I fhall  now  , i 
give  a few  examples  of  decompofition. 

We  may  decompofe  a compound  chemically,  j i 
by  knowing  its  ingredients,  and  duly  applying  ji 
a principle  to  which  one  of  the  ingredients  has  h 
a ilronger  attraction  than  to  that  with  which  it  I 
is  already  combined.  The  table  of  affinities  jj 
affords  a variety  of  fuch  inftances. 

Let  it  be  required,  for  example,  to  decompofe  |j 
fal  ammoniac,  fo  as  to  obtain  its  volatile  alcali.  ji 
By  examining  the  table,  I find  that  fal  ammo-  | < 
niac  is  a combination  of  the  volatile  alcali  with  jl 
marine  acid.  In  the  column  for  that  acid  I find,  |] 
that  natron,  among  other  fubftances,  is  above 
the  volatile  alcali.  Marine  acid  therefore  has  || 
a ftronger  attraction  to  the  foffil  than  to  the  ii 
volatile  alcali,  and  therefore  will  leave  the  latter  |i 
to  unite  with  the  former.  The  mixture  will  be  1 
the  volatile  alcali,  and  common  fait.  As  a proof  || 
of  this,  as  foon  as  the  ingredients  touch  each  ji 
other,  though  before,  they  were  deftitute  of  ! 
odour,  yet  now  a very  ftrong  fmell  of  volatile 
alcali  is  perceived  : and  as  the  alcali  is  volatile,  | 
the  lalt  fixed,  we  have  only  to  put  the  mixture  ^ 
into  a retort,  and  a due  degree  of  heat  will  force  :: 
over  the  alcali,  leaving  the  fea-falt  behind. 
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Ic  may  be  obferved,  that  if  the  cauftic  folfil 
alcali  be  ufed,  the  volatile  alcali  obtained  will 
alfo  be  cauftic.  But  this  is  always  in  a fluid  ftate, 
as  before  obferved.  To  obtain  a folid,  and 
therefore  mild  fait,  the  natron  muft  be  ufed  in 
its  mild  ftate.  The  fixed  air  of  which  is  trans- 
ferred to  the  volatile  alcali,  as  the  natron  is  to 
the  acid  ; fo  that  here  again  is  a double  affinity, 
a double  decomposition,  and  two  new  combi- 
nations *. 

The  volatile  alcali  may  likewife  be  obtained 
from  fal  ammoniac,  by  ufing  calcareous  earth,  or 
fixed  vegetable  alcali,  inftead  of  natron;  and  it 
may  alfo  be  had  either  cauftic  or  mild,  according 
to  the  ftate  in  which  thefe  lubftances  are  ufed. 

To  decompofe  fal  ammoniac  fo  as  to  obtain 
its  acid.  In  the  column  for  volatile  alcali,  above 
marine  acid  you  find,  among  others,  the  vitrio- 
lic. If  you  mix  oil  of  vitriol  with  fal  ammoniac, 
the  volatile  alcali  will  quit  the  marine  acid,  and 
form,  with  the  vitriolic,  fal  ammon.  vitriolic. 
The  mixture  therefore  will  be  this  fait,  and  the 
marine  acid  combined  with  the  water  of  the  oil 
of  vitriol,  which  may  be  obtained  from  the  fait 
by  diftillation,  as  being  more  volatile. 

This  may  alfo  be  done  by  ufing  the  nitrous 
acid.  But  prattitioners  prefer  the  vitriolic,  be- 
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alcali  may  alfo  be  compofed  dire&ly,  by  mixing, 
ixe  , with  alcaline  air.  See  the  chapter  on  different  kinds  of  air. 
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caufe  part  of  the  nitrous  is  apt  to  pafs  over  with; 
the  marine  in  diftillation ; fo  that  inhead  of  the 
pure  fpirit  of  fait,  you  have  aqua  regia,  or  a 
compound  of  the  fpirits  of  nitre  and  of  fait. 

Subhances  containing  the  vitriolic  acid  may 
likewife  be  ufed,  and  the  nitrous  and  vegetable 
fal  ammoniacs  may  be  decompofed  by  methods 
fimilar  to  thofe  above  deferibed. 

Thefe  inhances  will  be  fufficient  to  give  an. 
idea  of  chemical  combination  and  decompo- 
fition,.  and  enable  you  to  underhand  not  only 
the  other  inftances  in  the  table,  but  alfo  the  rea- 
fon  of  many  proceffes  which  you  meet  with  in 
difpenfatories,  and  books  of  practical  chemiftry. 
But  thefe  points  will  be  further  elucidated  by 
what  follows  to  the  end  of  this  chapter. 

In  the  fourth  chapter,  I gave  a fynophs 
of  the  neutral  falts,  and  Ihewed  that  each 
of  them  was  a compound  of  a particular  acid 
with  fome  alcali.  From  what  has  been  faid  of 
vitriolated  tartar,  and  fal  ammoniac,  you  will 
underhand  in  general  the  manner  in  which  thefe 
falts  are  obtainable  from  their  refpe&ive  princi- 
ples. The  like  may  be  obferved  of  the  metallic 
and  earthy  falts  in  the  fame  chapter. 

Thefe  falts  may  likewife  be  decompofed  on  the 
fame  principle  as  hath  been  fliewn  of  fal  ammo- 
niac. 
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It  mult  however,  be  obferved,  that  the  cir- 
cumftances  attending  the  procelfes  require  to  be 
varied  in  fome  particular  cafes,  though  the  prin- 
ciples on  which  thofe  proceiTes  depend  are  the 
fame;  and  hence  the  particular  directions  for 
conducing  thofe  different  proceffes,  to  be  met 
with  in  books  of  practical  chemiftry.  I fhall 
give  a few  inftances  by  way  of  illuftration. 

Green  vitriol  is  a combination  of  the  vitriolic 
acid  with  iron.  But  if  you  add  iron  to  oil  of 
vitriol,  this  fait  cannot  be  made.  For  in  order 
to  the  folution  of  the  iron,  the  oil  of  vitriol  mult 
be  previoufly  diluted  with  water. 

Corroftve  fublimate  is  a compound  of  marine 
acid  with  mercury.  Mercury,  however,  cannot 
be  diffolved  by  that  acid  in  a liquid  form.  In 
order  to  their  combination,  they  muft  be  raifed 
into  fume,  and  in  this  date  the  ingredients  unite, 
though  they  could  not  in  their  coherent  form. 
Hence  in  this  procefs,  vitriol  and  common  fait 
are  employed.  The  acid  of  the  vitriol  difen- 
gages  that  of  the  fait,  which  rifing  in  vapours, 
meets  with  the  mercury,  alfo  raifed  in  vapours, 
for  which  purpofe  it  had  been  previoufly  diffolved 
in  the  nitrous  acid,  in  order  that  it  might  be  re- 
duced into  its  fmalleft  particles. 

So  in  decompofition,  if  green  vitriol  be  mixed 
with  nitre,  the  acid  of  the  vitriol  muft  be  expelled 
by  the  force  of  heat  before  it  can  a6t  on  the  nitre 
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fo  as  to  difengage  its  acid.  Without  this  cit% 
Oumftance  no  nitrous  acid  is  obtained. 

But  further  to  illuftrate  this  fubject,  I will 
run  through  the  whole  of  one  of  the  columns 
for  falts,  together  with  certain  other  proceffes, 
proper  for  our  purpofe,  noting  the  circumftances 
requifite  to  be  obferved  towards  forming  the 
feyeral  decompofitions  and  combinations. 

Spirit  of  vitriol  is  a combination  of  vitriolic 
acid  with  water.  If  to  this  compound  you  add 
thin  plates  of  copper,  and  give  a due  degree  of 
heat,  the  copper  will  be  diffolved.  The  mixture 
therefore  will  now  be  blue  vitriol  and  water, 
which  might  eafily  be  feparated  by  the  methods 
already  defcribed.  If  to  this  folution  you  add 
plates  of  iron,  the  acid  will  leave  the  copper  and 
unite  with  the  iron.  As  the  latter  diffolves,  and 
the  former  is  let  go  by  the  acid,  it  depofits  itfelf 
upon  the  furfaces  of  the  iron  plates,  fo  that  they 
look  like  copper.  But  when  the  iron  is  all  dif- 
folved, the  copper  will  fall  to  the  bottom  in 
form  of  a powder.  The  clear  liquor  being  de- 
canted, will  therefore  be  a mixture  of  water  and 
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gfeen  vitriol ; if  to  this  folution  zinc  be  added, 
the  acid  will  leave  the  iron  by  degrees,  and  unite 
with  the  zinc,  and  the  iron  will  fall  to  the  bot- 
tom in  form  of  a powder,  as  the  copper  did  be- 
fore. The  clear  liquor  being  decanted,  will  be 
a folution  of  white  vitriol  in  water.  Add  volatile 

alcalj 


CHEMISTRY.  119 

alcali  to  this  folution,  the  acid  will  leave  the  zinc 
to  unite  with  the  fait;  the  zinc  will  fall  to  the 
bottom  in  form  of  a powder,  and  the  clear  liquid 
being  decanted,  will  be  vitriolic  fal  ammoniac 
and  water.  Add  fixed  alcali  to  this  liquid,  the 
acid  will  unite  with  it,  ‘letting  go  the  volatile, 
and  the  mixture  will  be  vitriolated  tartar,  and 
fpirit  of  fal  ammoniac.  The  latter  may  be  ob- 
tained by  diftillation,  the  former  remaining  be- 
hind. Mix  this  fait  with  an  equal  quantity  of 
fixed  alcali,  and  add  powdered  charcoal  equal 
to  about  a fourth  part  of  the  weight  of  the  whole. 
The  charcoal,  you  will  obferve,  contains  phlo- 
gifton  combined  with  a vegetable  earth,  and  the 
alcali  is  added  to  make  the  vitriolated  tartar  melt, 
which  it  will  not  eafily  do  without  fuch  addition. 
Put  thefe  ingredients  into  a crucible,  covered,  and 
apply  a ludden  and  ftrong  heat  for  a fhort  time, 
the  vitriolic  acid  will  leave  the  fixed  alcali  to 
unite  with  the  phlogifton  of  the  charcoal.  The 
mixture  therefore  is  now  common  fulphur,  fixed 
alcali,  and  vegetable  earth,  that  is,  it  is  an  im- 
pure liver  of  fulphur.  Diflolve  the  mafs  in  water, 
the  earth  will  fubfide,  and  the  clear  liquid  will 
be  a folution  of  liver  of  fulphur  and  alcali,  in 
water.  Decant,  or  filter  this  liquid  ; and  to 
obtain  the  fulphur,  look  in  the  table  for  fixed 
alcali,  you  will  find  above  fulphur.  feveral  acids, 
add  a fufficient  quantity  of  either  of  thefe,  the 
alcali  will  quit  the  fulphur  to  unite  with  the 
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acid,  and  the  fulphur  will  fall  in  a powder  to 
the  bottom,  which  you  may  feparate  from  the 
liquid,  and  melt  into  a roll.  And  thus  will  you 
have  had  fucceffively  fpiritof  vitriol,  blue  vitriol, 
green  vitriol,  white  vitriol,  vitriolic  fal  ammo- 
niac, vitriolated  tartar,  and  fulphur,  each  of 
which  might  have  been  eafily  obtained  in  their 
tifual  forms. 

In  the  polumn  for  fulphur,  you  find  that  ful- 
phur and  mercury  form  cinnabar.  There  is, 
however,  no  method  of  combining  thefe  ingre- 
dients into  that  form,  either  by  dry-mixture  or 
liquefaction.  If  they  are  mixed  in  either  of  thefe 
ways  they  form  not  cinnabar,  but  JEthiops  mi- 
neral. To  combine  them  info  the  form  requir- 
ed, they  muft  be  raifed  in  vapour.  If  they  be 
firft  mixed  into  an  iEthiops,  and  then  fublimed, 
(jnnabar  will  be  the  l'ublimed  fubftance. 

To  decompofe  this  compound  fo  as  to  obtain 
the  mercury,  look  in  the  column  for  fulphur, 
and  you  will  find,  above  mercury,  fixed  alkali, 
But  as  that  forms  an  hepar  fulphuris  with  the 
other  ingredient,  there  is  a difficulty  in  obtain- 
ing the  mercury  to  advantage.  The  other  ingre- 
dients have  alfo  their  inconveniences,  and,  there- 
fore, iron  js  ufed.  By  mixing  iron-filings  with 
the  cinnabar,  and  diftilling  them  in  a retort,  the 
fulphur  is  attracted  by  the  iron  from  the  mercury, 
which  rifes  pure  into  the  receiver,  (filled  with 
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water  to  condenfe  the  fumes,)  the  fulphur  and 
iron  remaining  behind. 

Sulphur  and  fixed  alcali  form  liver  of  ful- 
phur. This,  however,  they  do  not  do  by  mere 
mixture ; they  are  to  be  placed  on  the  fire  fo  as 
juft  to  melt  the  fulphur,  and  the  mixture  is  to 
be  continually  ftirred,  till  the  combination  is 
formed.  If  the  mild  alcali  is  ufed,  it  will  not 
unite  with  the  fulphur  till  its  fixed  air  is  expel- 
led. You  may  obtain  the  fulphur  from  the  ah- 
cali  again  by  fublimation  ; but  the  better  way  is 
to  add  fome  acid  to  attract  the  alcali  from  it, 
the  fulphur  will  then  be  precipitated  in  form  of 
a white  powder.  By  wafhing  and  melting,  it  may 
be  reftored  to  its  priftine  form. 

In  the  column  for  water  you  will  find  mild 
volatile  alcali,  which  forms  fpirit  of  fal  ammo- 
niac. Imagine  this  as  ftrong  as  it  can  be  made. 
Above  volatile  alcaji  you  will  find  fpirit  of  wine, 
which  you  muft  likewife  fuppofe  to  be  as  ftrong 
as  pofiible.  Jf  thefe  are  mixed,  the  fpirit  of 
wine  will  attradl  the  water  from  the  fait,  which 
will  therefore  be  inftantly  reftored  to  its  folid 
ftate,  forming  that  beautiful  experiment  of  Van 
fielmont  of  the  offa  alba. 

In  the  column  of  fixable  air,  (for  the  philofo- 
phy  of  which,  in  this  view,  we  are  indebted  to 
$he  learned  and  ingenious  Dr.  Black,)  you  will 
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find  that  the  volatile  alcali  and  this  principle 
form  the  mild  volatile  alcali.  Fixed  alcali  is 
above  the  volatile  in  the  column.  If  to  the  pure 
fixed  alcali,  diflolved  in  water,  you  add  the  mild 
volatile  alcali,  the  fixed  air  will  be  attracted  by 
the  former  from  the  latter,  which,  with  the  wa- 
ter, may  be  diftilled  over  in  the  form  of  cauftic 
volatile  alcali  •,  the  fixed  alcali,  now  rendered 
mild,  remaining  behind. 

If  to  this  alcali,  diflolved  in  water,  you  add 
■the  cauftic  magnefia,  the  latter  will  attract  the 
fixed  air  from  the  former,  and  the  mild  magne- 
fia and  cauftic  fixed  alcali  may  be  obtained  fe- 
parate  by  filtration,  &c. 

If  to  the  magnefia,  mixed  with  a due  quantity 
of  water,  quicklime  be  added,  the  fixed  air 
will  leave  the  magnefia  to  unite  with  the  lime, 
forming  common  calcareous  earth.  It  is  oblerv- 
able  that  calcareous  earth  is  foluble  in  water 
when  in  its  cauftic  ftate,  forming  what  we  call 
lime-water  j but  mild  calcareous  earth  is  not  fo- 
luble in  that  liquid.  It  is  alfo  obfervable  that 
any  of  thefe  fubftances  will  become  mild  by  be- 
ing expofed  to  the  fixable  air  efcaping  from  an 
effervefcent  mixture,  which  it  will  attract  or  ab- 
forb.  And  they  will  do  the  fame  in  time  if  ex- 
pofed to  comqion  air,  becaufe  there  are  always 
many  particles  of  fixable  air  floating  in  the  at- 
mofphere,  which  thefe  fubftances  imbibe.  Hence 
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if  lime-water  be  expofed  to  the  air,  a white  cruft 
forms  upon  its  furface,  which  is  nothing  but  the 
lime  now  become  no  longer  foluble  by  reafon  of 
jts  combination  with  fixed  air.  And  if  fixable 
air  be  mixed  with  lime-water,  the  lime,  which 
before  remained  diflolved,  will  be  precipitated 
in  form  of  a white  powder,  for  the  fame  reafon. 
Hence  it  is  that  lime-water  is  a teft  of  the  prefence 
of  fixed  air,  as  mentioned  in  a former  chapter. 
Thefe  procelfes  contain  fuch  a variety  of  combi- 
nations and  decompofitions,  with  the  circum- 
ftances  relating  to  them,  that  to  a perfon  of  com- 
mon capacity,  nothing  farther  needs  be  faid  on 
the  fubjecft. 

I fhall  conclude  this  account  with  the  rationale 
of  fome  procelfes  depending  on  phlogifton , the 
molt  extraordinary  perhaps,  of  all  the  chemical 
principles. 

Metals  are  combinations  of  their  refpe&ive 
earths  or  calces,  with  this  fubtil  principle. 

If  an  acid  be  applied  to  a metal  which  it  can 
diffolve,  the  calx,  having  a greater  affinity  to 
the  acid  than  to  the  phlogifton,  quits  the  latter 
to  unite  with  the  former.  The  phlogifton  at- 
taches itfelf  to  the  vapour  and  air  which  arife  on 
fhefe  occafions?  and  with  them  fly  offi 
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Metallic  falts,  and  folutions  therefore  are  not 
combinations  of  acids  with  metals,  but  only 
with  their  calces. 

If  a metal  diffolved  in  an  acid  be  precipitated 
by  any  metallic  calx,  or  by  any  other  fubftances 
befides  a real  metal,  the  precipitate  will  not  be 
a metal,  but  a calx.  Thus  if  copper  be  difiolved 
in  vitriolic  acid,  the  folution  only  contains  the 
calx  ot  the  copper,  the  phlogifton  having  efcaped. 
If  calx  of  iron,  fixed  alcali,  or  the  like  be  added, 
the  a\:id  will  unite  with  thefe,  letting  go  the 
calx  of  copper,  which  therefore  will  fall  to  the 
bottom  only  in  the  form  of  a calx. 

But  if  to  this  folution  of  copper,  iron  or  zinc 
be  added  in  their  metallic  ftate,  or  as  they  are 
combined  with  phlogifton,  a double  affinity  takes 
place.  The  calx  of  the  added  metal  unites  with 
the  acid,  and  its  phlogifton  with  the  precipitated 
calx ; fo  that  the  powder  at  the  bottom  is  now 
not  calx  of  copper,  but  copper  itfelf.  And 
this  is  the  cafe  in  all  metallic  folutions,  when 
the  precipitation  is  made  with  a metal. 

Charcoal  is  a combination  of  vegetable  earth 
with  phlogifton,  as  you  will  find  by  the  table. 
If  calamine  ftone  be  properly  fuled  with  the 
charcoal,  the  calx  will  attract  away  its  phlogifton 
and  be  formed  by  it  into  a metal.  This  metal 
is  zinc.  If  the  phofphoric  acid  be  added  to  this 
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metal,  and  they  be  diftilled  in  a retort,  With  a 
fufficient  heat,  the  phlogifton  will  quit  the  metal 
to  unite  with  the  acid,  and  the  phofphorus  formed 
by  their  union,  will  diftil  over  into  the  receiver 
(which  mult  be  filled  with  water  to  condenfe 
and  quench  the  vapours)  the  calx  remaining 
behind.  This  compound  is  the  famous  fubftance 
known  by  its  property  of  fhining  in  the  dark, 
and  burning  in  the  ordinary  heat  of  the  atmof- 
phere.  It  is  ufually  obtained,  by  a very  labo- 
rious procefs  from  urine.  In  the  urine  is  a parti- 
cular kind  of  lair,  called  by  chemifts  the  fufible 
fait  of  urine.  It  confifts  of  the  phofphoric  acid 
united  to  an  alcali,  like  other  neutral  falts.  In 
the  courfe  of  the  procefs,  the  acid  quits  the  alcali 
and  unites  with  the  phlogifton  of  the  urine  into 
’ phofphorus,  in  the  fame  manner  as  in  the  procefs 
of  making  fulphur  with  charcoal  and  vitriolated 
tartar,  or  Glauber’s  fait.  But  if  this  fait  be 
extracted  from  the  urine  by  cryftallization,  and 
then  mixed  with  charcoal,  or  other  proper  phl©- 
gifticated  fubftance,  and  diftilled  with  a fufficient 
heat,  the  fame  phofphorus  will  be  formed. 
Phofphorus  therefore  is  only  a particular  kind 
of  fulphur  burning  with  lefs  heat  than  common 
fulphur.  If  pure  vitriolic  acid  and  this  fubftance 
were  mixed  together,  and  diftilled,  the  phlogifton 
would  quit  the  phofphoric  to  unite  with  the  vi- 
triolic acid.  The  fulphur  formed  by  their  union 
would  be  fublimed  by  a proper  degree  of  heat, 
leaving  the  phofphoric  acid  behind.  If  this  ful- 
phur 
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phur  be  mixed  with,  or  cxpofed  to  the  action  of 
air,  and  a proper  degree  of  heat  be  applied,  the 
phlogifton  will  quit  the  vitriolic  acid  to  unite 
with  the  air,  by  which  it  is  more  powerfully 
attra&ed,  and  the  acid  remain  alone  in  vapours, 
which  may  be  caught  and  condenfed,  by  means 
of  the  fleam  of  water,  into  common  fpirit  of 
vitriol,  or  fpiritus  fulphuris  per  campanam. 

Other  bodies  containing  phlogifton  not  too 
ftrongly  combined  may  be  decompofed  by  air 
as  well  as  fulphur.  The  air  decompofes  phof- 
phorus  in  the  ufual  heat  of  the  atmofphere ; but 
moft  other  bodies  require  heat  for  that  purpofe. 
Thus  oils  and  fats  require  a greater  heat  than  i 
fulphur-,  and  metals  are  not  decompofed  by  air 
without  an  intenfe  degree.  The  heat  enables 
the  air  to  a£t  on  the  body  and  attract  from  it  its  § 
phlogifton,  which  it  could  not  do  before.  Thus 
alfo  it  has  been  feen  that  many  decompofitions 
of  other  kinds  can  be  effected  without  heat,  but 
that  there  are  others  of  them  to  which  heat  is 
necefiary.- 

The  decompofition  of  phlogifticated  bodies  by 
air,  I had  occafion  to  treat  of  in  the  chapter  on 
different  kinds  of  air;  and  in  the  chapter  on  fire  | 
was  given  the  prefent  theory  of  the  heat  attending 
fome  of  thefe  proceffes.  To  account  for  the  heat 
in  combuflion  let  it  be  fuppoled  that  a great  I 
quantity  of  fire  is  contained  in  air,  in  a fixed,  or  I 
latent  flate.  In  combuflion  the  phlogifton  of 
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the  inflammable  body  is  transferred  to  the  air, 
the  fire  is  fet  at  liberty  by  reafon  that  it  has  a 
weaker  attraction,  and  produces  the  great  degree 
of  heat  obfervable  on  thefe  occafions  ? (See  Che 
table,  column  16.) 

The  more  rapidly  the  decompofition  pro- 
ceeds, that  is,  the  greater  the  quantity  of  it  which 
takes  place  in  a given  time,  the  greater  will  be 
the  heat.  Hence  bellows,  blow-pipes,  and  cur- 
rents of  air,  by  applying  frefh  particles  of  air  to 
the  body,  are  fuccefsfully  employed  for  that 
purpofe.  Alfo  the  heat  will  be  greater  according 
as  the  air  is  more  pure.  Hence  with  dephlogif- 
ticated  air,  the  heat  is  much  greater  than  when 

common  air  is  employed. 

- / 

Bodies  containing  phlogifton  in  the  manner 
above  defcribed,  are  called  combuftibie  bodies , 
and  their  decompofition  by  air  is  called  combujtion 
or  burning,  on  account  of  the  heat  attending  it. 
But  the  combuftion  of  bodies  may  be  effedted  by 
means  of  nitrous  acid  as  well  as  by  air.  Nitre 
contains  a quantity  of  pure  air  in  a ftate  of  com- 
bination, as  fixed  air  is  contained  in  marble,  &c. 
when  nitre  therefore  is  mixed  with  a combuftibie 
body,  and  a due  degree  of  heat  is  applied,  the 
phlogifton  and  air  mutually  attradt  each  other 
from  the  fubftances  with  which  they  were  before 
combined,  and  unite  j and  heat  is  generated  on 
the  principle  already  explained.  See  alfo  the 
chapters  on  fire,  and  the  different  kinds  of  air. 
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WHAT  has  been  faid  will,  it  is  prefumed, 
be  fufficient  to  give  the  reader  a general 
idea  of  chemical  eledive  attradion,  and  enable 
him  to  reafon  on  the  operations  which  depend 
on  it.  With  a few  remarks  on  what  has  been 
faid,  I fhali  clofe  this  part  of  my  fubjed.  Thefe 
remarks  however,  will  be  fuch  as  would,  at  lead 
for  the  moil  part,  naturally  occur  to  a reader  of 
tolerable  capacity  after  having  gone  through  the 
preceding  chapters. 

i. 

Bodies  cannot  ad  on  one  another,  unlefs  one 
of  them  at  lead  be  in  a fluid,  or  vapoury  Bate. 
In  thefe  dates  the  particles  of  one  body  are  free 
to  exert  their  adion  on  thofe  of  another,  which, 
in  a folid  date  they  cannot  do,  by  reafon  of  the 
great  attradion  which  takes  place  among  them- 
felves. 

2. 

In  many  cafes  heat  is  neceflary  to  the  adion 
of  bodies  on  each  other.  Thus  mild  fixed  alcali 
and  fulphur  will  not  form  hepar  fulphuris  with- 
out heat:  and  calces  with  inflammable  fubdances 

will 
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will  not  become  metals  but  by  means  of  the  fame 
agent.  In  thole  cafes  wherein  bodies  act  on  each 
other  intheufual  temperature  of  the  atmofphere 
heat  ufually  very  much  promotes  the  effedh 
Thus*  cold  water  will  diffolve  fugar;  but  if 
heat  be  applied,  the  folution  takes  place  more 
fpeedily,  and  alfo  in  greater  proportion.  Heat 
is  alfo  the  agent  in  the  preceding  remark.  If  ice 
cannot  diffolve  fugar,  it  is  only  for  want  of  fuf- 
ficient  heat  to  render  the  former  ingredient  fluidi 
If  lpirit  of  fait  cannot  form  corrofive  fublimate 
with  mercury,  it  is  only  becaufe  there  is  not  a 
fufficient  heat  to  reduce  them  into  vapour. 

In  explaining  the  table  of  affinities,  1 have 
fometimes  mentioned  a compound  only  in  the 
light  of  a principle*  or  ingredient.  Thus,  at 
the  head  of  one  of  the  columns  isfulphur,  which 
yet  in  another  column  is  given  as  a compound  of 
the  vitriolic  acid*  and  phlogifton.  But  with 
refpedl  to  thelubftances  underneath  it  in  the  co- 
lumn* it  is  a principle  * thofe  fubltances  not  de- 
compoftng,  but  uniting  with  it,  as  it  is  fulphur. 
Thus,  mercury  and  fulphur  are  the  proper  con- 
ff  ituent  principles  of  cinnabar  * and  fa  of  others. 

I . . ' 1-  • i . . . • . . r . . . t/ " • - . 1 . 

Alfo  many  of  thofe  which  appedr  to  be  prin-4 
tiples  are  in  fad  only  compounds.  Thus*  alcaline 
lalts  are  combinations  of  earth,  acid,  and  phlo- 
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gifton.  So  likewife  acids,  &c.  are  only  conv- 

pounds  of  other  and  more  fimple  principles. 


4* 

In  many  cafes  the  union  of  bodies,  according 
to  the  courfe  of  their  affinities,  will  not  take  place 
but  under  particular  circumftances.  Thus, 
phlogifton  will  not  decompofe  vitriolated  tartar, 
but  in  a violent  degree  of  heat.  Mercury  and 
the  marine  acid  will  not  combine  but  in  the  form 
of  vapour;  and  fo  of  others.  It  may  alfo  be 
obferved,  that  a combination  cannot  be  effected 
in  fome  cafes,  but  by  previoufly  uniting  the  iub- 
ftance  with  another,  to  which  it  has  a weaker 
attraction.  For  example,  aether  will  not  diffolve 
gold,  yet  if  gold  be  diffolved  in  aqua  regia, 
and  then  the  aether  be  added,  the  latter  will  at- 
tract the  gold  from  the  former ; and  chemiftry 
furnifhes  other  inltances  of  a like  kind. 


5* 

In  fome  cafes  two  principles  which  will  not 
unite,  may  yet  be  made  to  do  fo,  by  means  of 
a third  principle,  which  has  an  attraction  for  both. 
Thus  fulphur  will  not  unite  with  water,  but  if 
the  fulphur  be  previoufly  combined  with  analcali, 
the  water,  by  reafon  that  it  ftrongly  attracts  the 
fait,  retains  alfo  the  fulphur,  which  the  alcali, 
on  its  union  with  the  water,  does  not  let  go.  So 
likewife  oil  and  water  will  not  mix ; but  if  an 
alcali,  which  attracts  both,  be  added,  their  mix- 
ture will,  by  means  of  this  intermedium,  be: 
effected.  6.  From 
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6. 

From  what  has  been  faid  concerning  the  table 
of  affinities,  the  reader  will  be  enabled,  with  a . 
little  attention,  to  underftand  many  particulars 
of  the  philofophy  of  chemiftry,  not  there  dif- 
courfed  of.  For  example,  he  will  now  be  ca- 
pable of  comprehending  the  reafonings  of  che- 
mical writers,  when  treating  of  the  theory  of  their 
art,  or  giving  the  rationale  of  any  particular 
procefs  •,  which  was  what  was  chiefly  intended  by 
thefe  elements : and  I fhould  hope  that  he  will 
alfo  be  able  to  difcover  the  theory  of  many  of 
thofe  procefles,  even  without  fuch  aid.  For 
exercile  in  thefe  particulars  I would  refer  him  to 
the  operations  concerning  metals ; to  the  feveral 
procefles  for  making  the  sethers  * and  to  others, 
which  I have  not  touched  upon  ; examples  of 
which  he  will  find  in  abundance  in  chemical  and 
pharmaceutical  writings. 

7- 

He  will  alfo  be  enabled  to  comprehend  the 
reafon  of  the  feveral  general  operations  of  che- 
miftry. For  inftance, 

precipitation* 

Or  the  difplacing  or  expelling  of  one  principle 
from  another  by  means  of  a third,  on  account 
of  a fuperior  affinity.  Thus,  if  fulphur  be  dif- 
folved  in  analcaline  liquor,  and  an  acid  be  added, 
the  alcali  unites  with  the  acid,  letting  go  the  ful- 
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phur,  which  therefore  falls  to  the  bottom,  in 
form  of  a powder,  called  from  hence,  fulphur 
precipitatum.  Thus  likewife,  if  an  effential  oil  be 
diffolved  in  fpirit  of  wine,  and  water  be  added, 
the  fpirit  of  wine  unites  with  the  water,  and  lets 
go  the  oil,  which  rifes  in  the  liquid,  and  floats 
on  the  furface ; this  is  likewife  called  precipitation; 
and  fixed  air,  when  difengaged  by  an  acid,  and 
flies  off  from  the  liquid,  is  alfo  faid  to  be  praf- 
pi  bated. 

CRYSTALLIZATION, 

Which  happens  when  particles  of  fait  are  fuf- 
pended  in  too  fmall  a quantity  of  liquid,  or  in 
a liquid  not  fufficiently  hot ; for  the  particles 
running  together,  form  themfelves  into  thofe  re- 
gular, tranfparent  clutters,  or  maffes,  which  we 
call  cryftals.  As  fome  falts  require  a greater 
quantity  of  water  than  others  to  keep  them  dif- 
iolved,  if  more  than  one  fort  is  diflolved  in  any 
liquid,  that  which  requires  the  greateft  quantity 
of  water  to  keep  it  diffolved,  will  cryftallize 
before  the  other;  and  hence-  the  art  of  obtaining 
the  feveral  falts  diffolved  in  any  liquid  feparate; 
hence  alfo  feveral  kinds  of  falts  when  mixed  toge- 
ther, may  be  feparated  on  this  principle.  Com- 
mon fait,  for  example,  diffolves  in  lefs  water 
than  nitre : hence  if  nitre  and  common  fait  be 
diffolved  in  the  fame  liquid,  the  nitre  will  cryf- 
tallize fooneft,  and  therefore  may,  by  a proper 
management  of  the  evaporation,  be  obtained 

before 
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before  the  common  fait  begins  to  fhoot.  As  nitre 
when  firft  made  contains  a large  quantity  of  com- 
mon fait,  it  is  purified  from  it  by  this  method. 

DISTILLATION, 

Or  the  raifing  of  any  volatile  fubftance  by  heat 
into  vapour,  and  making  it  pafs  over  into  a pro- 
per receiver,  where  it  is  condenfed.  Similar  to 
which  is 

SUBLIMATION, 

Or  the  raifing  of  certain  volatile  matters  in 
dry  fumes  which  form  themfelves  into  a powder, 
or  hard  folid  mafs  in  the  upper  part  of  the  veffel, 
or  in  a receiver. 


CALCINATION, 

Which  is  of  two  kinds.  1 . Where  the  vola- 
tile matters  are  driven  from  the  fixed,  by  means 
of  fire  in  open  veffels,  or  in  the  open  fire,  as  is 
the  cafe  with  magnefia,  quicklime,  and  fome 
other  ftibflances  •,  and  2.  When  the  phlogifton  is 
to  be  taken  from  a fubftance  by  a like  expofure 
to  heat ; this  is  more  properly  called  combuftion. 
Thus,  lead,  antimony,  &c.  are  reduced  to  calces, 
that  is,  are  deprived  of  their  phlogifton  by  cal- 
cination in  open  veffels ; the  air  attracting  their 
phlogifton  in  like  manner  as  was  fhewn  of  the 
combuftion  of  fulphur,  and  other  bodies;  but 
the  decompofition  in  thefe  cafes,  proceeding  but 
very  flowly,  a degree  of  heat  is  not  generated 
fufficient  for  the  continuance  of  the  combuftion 
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as  happens  in  thole  bodies,  and  therefore  the  apr 
plication  of  extraneous  heat  is  alfo  neceffary, 
Th.ere  are  other  calcinations  which  partake  of 
both  thefe  kinds. 

CONCENTRATION, 

Or  the  reducing  of  any  principle  not  obtain- 
able in  a feparate  ftate.  into  as  fmall  a compafs, 
or  in  other  words,  making  it  as  ftrong,  as  poffible. 
Thus, oil  of  vitriol  is  concentrated  by  evaporating 
its  fuperfluous  water ; the  ftronger  and  lels  vola- 
tile acid  remaining  behind.  Spirit  of  wine  is  conr 
centrated  by  diftilling  it  with  a very  gentle  heat, 
fo  that  as  little  water  may  rife  with  it  as  may 
be : which  concentration  is  effected  in  a direct 
contrary  manner  to  the  other,  the  fpirit  being 
more  volatile  than  the  water-,  the  water  more 
volatile  than  the  acid.  There  are  alfo  other  me- 
thods of  concentration : thus,  vinegar  may  be  con- 
centrated by  freezing  i the  watry  part  only  con- 
gealing, which  may  therefore  be  taken  out  in  the 
form  of  ice,  the  remaining  acid  being  fo  much 
fhe  ftronger.  Hot,  dry  fait  of  tartar  added  to 
redlified  fpirit  of  wine,  attracts  water  from  it, 
after  no  more  can  be  obtained  by  diftillation. 
Vinegar  again  may  be  faturated  with  an  alcali, 
3nd  thereby  formed  into  a neutral  fait.  To  this 
fait  made  dry,  concentrated  oil  of  vitriol  being 
added,  the  vinegar  is  expelled  by  means  of  a fu- 
perior  affinity,  as  was  ffiewn  in  the  diftillation  of 
fpirit  of  nitre  and  fpirit  of  fait,  by  which  means 
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the  vinegar  receives  the  higheft  pofllble  degree 
of  concentration  ; and  other  inftances  of  concen- 
tration may  be  met  with  in  chemical  writers. 

8. 

An  acquaintance  with  chemical  theory  will  alfo 
enable  him  to  analyze  compounds,  fo  as  todifco- 
ver  their  ingredients.  If,  for  example,  I would 
know  the  compofition  of  a neutral  fait,  prefent- 
ed  to  me  for  that  purpofe ; I difiolve  part  of  the 
fait  in  water,  and  add  a fixed  alcali.  As  there 
is  no  turbidnefs,  I conclude,  that  the  bafis  of 
the  fait  is  neither  earthy  nor  metallic.  I apply 
my  noftrils  to  the  liquid,  and  find  that  it  fmells 
ftrongly  of  the  volatile  alcali,  which  therefore  I 
conclude  to  be  the  alcaline  bafis  of  the  fait. 

* 

I pour  on  the  fait  a little  oil  of  vitriol,  and 
immediately  perceive  fumes  to  arile.  I therefore 
conclude  that  the  acid  of  the  fait  is  not  the  vi- 
triolic. On  examining  the  colour  of  the  fumes, 
I find  it  to  be  red.  The  fait  therefore  is  proba- 
bly a combination  of  nitrous  acid  with  volatile 
alcali ; that  is,  the  nitrous  fal  ammoniac. 

To  be  further  fatisfied  of  this  I grind  a little 
of  it  with  fpirit  of  wine,  and  find  that  it  totally 
diffolves  therein.  I place  another  quantity  of  it 
in  a fhovel  over  the  fire,  without  any  mixture  of 
inflammable  fubftance,  and  it  explodes.  From 
all  thefe  circumftances  I fafely  conclude  that  the 
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fait  is  the  nitrous  ammoniac,  as  I before  conjec- 
tured. For  no  other  anfwers  to  that  defcription  ; 
and  in  particular  it  is  the  property  of  this  fak 
alone  to  detonate  without  addition. 

If  there  be  prefented  to  me  a folution  of  two 
different  falts  in  water,  and  I am  required  to  dif- 
cover  them,  I add  to  a little  of  the  liquid,  fonie 
fixed  alcali,  and  find  a tubidnefs,  together  with 
a fmell  of  volatile  alcali.  One  of  the  falts  there- 
fore is  ammoniacal,  the  other  either  earthy  or 
metallic.  I colleit,  and  wafh  the  precipitated 
powder,  and  find  that  it  is  perfectly  white,  that 
it  readily  difiblves  in  the  vitriolic  acid,  with 
effervefcence,  and  is  precipitated  from  it  by  vo- 
latile alcali,  It  is  therefore  probably  magnefia. 

/ \ 

I evaporate  and  cryftallize  this  latter  folution, 
the  fait  fhoots  into  long  Gender  cryftals,  and 
appears  like  the  fal  catharticus  amarus,  another, 
argument  that  the  bafis  is  magnefia. 

To  difcover  the  acids,  I evaporate  a fufficient- 
quantity  of  the  original  liquid,  and  on  part  of 
the  cryftals  firft  obtained,  pour  a little  oil  of 
vitriol  j 4 whjte  fume  arifes,  which  (hews  that 
the  acid  of  thofe  cryftals  is  the  marine.  To  ano- 
ther part  of  them  I add  fixed  alcali,  and  find  a 
fmell  of  volatile  alcali  •,  from  whence  I conclude 
that  one  of  the  falts  is  the  cOmmdn  fal  ammoniac. 

As  the  bafis  of  the  other  was  magnefia,  I add 
to  the  liquor  from  which  I obtained  the  cryftals 
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of  fal  ammoniac,  a fufficien't  quantity  of  fixed 
alcali  to  precipitate  the  whole  of  the  powder.  I 
evaporate  the  clear  liquid,  and  pour  on  part  of 
the  firft  cryftals  obtained  fome  vitriolic  acid. 
But  no  fume  whatever  arifes.  T he  fait  therefore 
is  probably  vitriolated  tartar.  I expofe  it  to  the 
fire,  and  it  Crackles  like  that  fait ; it  does  not 
fule ; it  is  difficultly  foluble  in  water.  Thefe 
Charade  riftics,  together  with  its  tafte,  and  the 
form  of  its  cryftals,  leave  no  doubt  of  its  being 
vitriolated  tartar,  as  I before  imagined.  The 
two  falts  in  the  original  folution  therefore  were 
fal  ammoniac,  and  fal  catharticus  amarus. 

By  knowing  the  properties  of  faline  fubftances, 
and  the  doctrine  of  chemical  affinities,  fophifti- 
cations  may  be  detected.  If  for  example  the 
fal  catharticus  amarus  be  impofed  on  me  for  the 
true  Glauber’s  fait,  which  it  may  be  made  to  re- 
femble  in  the  form  of  its  cryftals  •,  by  adding 
a little  fixed  alcali  to  afolutionof  the  fait  in  water, 
the  cloudinefs  occafioned  by  the  precipitation  of 
the  magnefia,  difcovers  the  fraud. 

If  1 would  examine  the  purity  of  a powder  fold 
me  for  magnefia,  I pour  on  it  vitriolic  acid  •,  if 
the  folution  is  perfectly  tranfparent,  1 may  pretty 
lafely  conclude,  that  the  powder  is  genuine, 
eipecially  if  by  evaporating  and  cryftallizing 
the  liquid,  a true  fal  catharticus  amarus  is  ob- 
tained. 
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tained.  But  if  the  folution  depofited  a fediment, 
or  any  other  than  Epfom  fait  is  obtained  from  it, 
the  magnefia  may  be  concluded  to  be  impure. 

The  reader  who  has  a genius  for  chemiftry, 
will  be  readily  enabled  to  extend  thefe  hints  to 
other  chemical  fubftances ; and  I would  recom- 
mend this  kind  of  analyfis  to  him,  as  the  moft 
likely  means  of  improving  him  in  this  branch  of 
fcience. 


POST 
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SINCE  the  preceding  fettions  were  written, 
the  tables  of  the  celebrated  Profeffor  Berg- 
man have  fallen  into  my  hands.  As  thefe  ad- 
mirable tables  are  not  yet  publifhed  in  any  Eng- 
lifh  work,  and  are  not  generally  known,  I have 
fubjoined  them  to  the  chemical  part  of  this  treatife, 
by  way  of  exercife  to  the  ftudent.  They  will  alfo 
be  ufeful  to  proficients  in  chemiftry ; as  they 
pontain,  in  a manner,  all  that  has  yet  been  dif- 
covered  in  that  art. 

The  firft  of  thefe  tables  is  that  of  fimple  elective 
attractions.  It  is  divided  into  two  parts.  The 
upper  refpects  the  humid , the  lower  the  dry  way 
pf  phpmical  combination. 

This  divifion  is  very  proper.  For  attraftion 
will  fometimes  take  place  in  one  of  thefe  cafes, 
though  it  will  not  at  all,  or  in  a different  manner, 
jn  th.e  other.  The  vitriolic  acid,  for  example, 
will  not  unite  with  phlogifton,  fo  as  to  form  ful- 
phur  in  the  humid  way,  or  with  water  : yet  in  the 
dry  way,  phlogifton  takes  place  of  ponderous 
earth ; which,  in  the  humid  way,  ftands  imme- 
diately under  that  acid. 


ft 
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In  former  tables  the  vegetable  acids  were  con- 
fidered  as  the  fame.  In  this  they  have  their  fepa- 
rate  columns ; and  their  attractions  appear  to  be 
fcarce  lefs  different  from  one  another,  than  from 
the  other  acids.  Former  tables  alfo  reckoned 
but  three  mineral  acids.  In  this,  more  than 
double  that  number  will  be  found,  with  equal 
variety  of  attractions. 

The  mineral  and  vegetable  fixed  alcalis  were 
thought  to  have  the  fame  attractive  force  to  acids: 
By  this  table  it  will  be  feen  that  the  attraction  of 
the  vegetable  alcali  is  ftronger  than  that  of  the 
mineral. 

• . i r . t 

Subftances,  with  their  elective  attractions,  are 
alfo  to  be  met  with  in  this  table,  which  are  not 
to  be  found  in  thole  of  Geoffroy  or  Gellerti  as 
the  ponderous  earth } manganele,  acid  of  fpar, 
and  others. 

The  reader  who  has  attended  to  the  directions 
for  the  former  table,  will  find  no  difficulty  in  un- 
derftanding  this,  after  having  learnt  the  charac- 
ters. 

; V,  , , I . * a . « * J » • ■ i It 

The  fecond  of  thefe  tables  relates  to  double 
elective  attractions,  and  chemical  operations. 

By  the  character  of  water  in  the  middle  of 
fome  of  them,  the  humid  way  is  meant.  By  the 
character  of  air,  the  dry  way. 

Figure 
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In  thefe  figures  the  effects  of  mixing  different 
bodies  are  fhewn.  Always  one,  and  ofcen  both 
of  the  bodies  whofe  mixture  thefe  diagrams  re- 
prefent  are  compounded ; and  the  chemical  cha- 
racter expreffing  the  compound  is  placed  on  one 
fide  of  an  upright  circumflex  or  bracket,  (thus  £ ) 
with  the  characters  expreffing  its  ingredients  on 
the  other.  In  the  21ft  figure,  for  example,  the 
effeCts  of  mixing  vitriolated  tartar  with  fixed 
ammoniac  is  reprefented,  both  which  are  com- 
pounds. On  the  left  is  placed  the  character  of 
the  tart,  vitriol,  alfo  feparated  by  an  upright 
bracket  from  the  characters  of  its  two  ingre- 
dients. On  the  right  ftands  the  mark  of  the 
fixed  ammoniac,  feparated  in  like  manner  from 
the  ingredients  of  which  it  is  compofed. 

Where  the  original  compounds  are  decom- 
pofed,  and  new  ones  produced,  the  new  com* 
pofition  is  fignified  by  a bracket  or  circumflex 
drawn  horizontally  \ the  character  of  the  com- 
pound being  placed  on  the  outfide,  and  the 
ingredients  of  which  it  is  compofed  within. 
Thus,  fig.  3.  reprefents  the  mixture  of  fixed 
alcali  with  fea-falt.  The  fea-falt,  which  is  a 
compound,  is  decompofed,  and  a new  compound 
is  formed  : the  marine  acid  quitting  the  mine- 
ral, and  uniting  with  the  vegetable  alcali,  form- 
ing fal  digeftivus.  Where  the  mixture  is  neither 
accompanied  with  the  production  of  a new  com- 

K 7 pound. 
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pound,  nor  with  the  decompofition  of  the  old 
one,  the  horizontal  circumflex  is  omitted.  An 
inftance  of  this  occurs  in  fig.  2.  where  lime, 
is  added  to  tart,  vitriol,  without  any  effedt  being 
produced. 


•i  c 


The  darts  which  are  to  be  feen  in  thefe  fc hemes 
point  out  the  relative  force  of  the  attradtions  01 
the  reipedlive  ingredients.  In  fig.  21.  the  dan 
diredted  to  vitriolic  acid  from  calx,  Ihews  tha  # 
it  is  as  capable  of  decompofing  the  fixed  ammo 
niac ; and  the  dart  directed  to  vegetable  alcal 
from  acid  of  fait,  Ihews  that  it  is  capable  o 
effecting  the  lame  decompofition  by  uniting  will 
the  marine  acid.  The  dart  diredted  to  vittioli. 
acid  from  vegetable  alc.ali,  fliews  tnat  that  acir 
is  capable  of  decompofing  the  fal  digeftivus  b 


combining  with  its  alcali.  The  calx  not  bein 


able  to  decompofe  the  fal  digeftivus,  nor  th 
marine  acid  the  lelenitis,  no  darts  are  diredte.  g; 
towards  them. 


In  many  cafes  the  mixture  of  bodies  is  at 
companied  with  precipitation.  When  the  ne 
compound  is  a precipitate,  its  precipitation 
denoted  by  turning  the  apex  of  the  circumflex 
downward  •,  as  is  the  cafe  with  lelenitis  in  ft 
21ft  fig*  When  the  precipitate  is  not  a ne 
compound,  but  an  ingredient  of  one  of  the  ol 

ones,  it  is  repreferrted  by  a half  circumflex,  ft 

extremii 


J 


b 
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extremity  of  which,  pointing  to  the  right  hand, 
is  turned  downwards,  as  is  the  cafe  with  lime 
in  the  fourth  figure.  Whenever  the  apex  either 
of  the  whole  or  half  horizontal  bracket  is  not 
thus  turned  downwards,  it  fhews  that  the  com- 
pound or  ingredient  remains  diflolved  in  the 
liquid. 

The  fchemes  from  1 to  20,  and  from  40  to  55, 
reprefent  fimple  elective  attractions.  In  the 
others  the  attractions  are  double.  Double  elec- 
tive attraction  is  elegantly  explained  by  fig.  65. 

On  the  left  hand  are  the  ingredients  forming 
vitriolated  tartar.  On  the  right,  the  fait  formed 
by  the  union  of  nitrous  acid,  and  calx  of  filver. 
Neither  the  nitrous  acid,  nor  calx  of  filver,  can 
decompofe  vitriolated  tartar,  yet  both  of  them 
acting  together,  can  do  it  eafily.  Thus,  if  ve- 
getable alcali  and  vitriolic  acid  attract  each  other 
with  the  force  9,  and  the  nitrous  acid,  and  calx 
of  filver  only  with  the  force  2,  then  if  the  nitrous 
acid  attracts  the  vegetable  alcali  with  the  force  8, 
and  the  calx  of  filver,  the  vitriolic  acid  with  the 
force  4 ; 8 and  4 is  greater  than  9 and  2 ; a de- 
compofition  therefore  will  be  effected,  and  two 
new  compounds  formed ; the  one,  of  the  vege- 
table alcali  with  the  nitrous  acid,  and  the  other, 
r*  of  vitriolic  acid  with  the  calx  of  filver. 
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perfectly  ftrait.  Now,  if  a piece  of  paper  be 
held  any  where  in  the  ftrait  line  occupied  by 
the  thread,  the  fun’s  light  will  fall  upon  it ; but 
if  the  paper  be  removed  out  of  that  line,  this 
will  not  happen.  Alfo,  if  the  eye  be  placed 
any  where  in  that  line,  the  fun  will  be  feen  j but 
if  it  be  removed  from  that  line,  the  fun  is  no 
longer  vifible.  Light  therefore  moves  on  in  a 
right  line,  when  no  obftacle  hinders,  and  this 
mufl  be  remembered  as  a fundamental  principle 
in  optics. 

Take  a fiat  looking-glafs  (Opticians  call  it 
a plane  mirror)  drill  a fmall  hole  through  its 
middle,  and  pafs  through  it  three  threads. 
Sufpend  the  mirror  from  the  ceiling,  or  other- 
wife,  by  one  of  them,  and  let  it  down  fiat  upon 
a table,  in  fuch  a manner  as  that  the  light  from 
the  window-ih utter  may  fall  upon  the  middle 
Of  the  glafs,  the  hole  being  in  the  center 
of  the  luminous  fpot.  Fallen  the  glafs  to  the 
table  in  this  fituation,  the  light  will  be  reflected 
from  the  glafs  to  the  oppofite  wall.  Let  one  of 
the  remaining  threads  be  fixed  to  the  hole  in  the 
fhutter,  the  other  at  the  fpot  on  the  wall,  both 
of  them,  as  well  as  the  perpendicular  one,  be- 
ing drawn  perfectly  ftrait.  All  things  being 
thus  ordered,  you  may  obferve  that  the  perpen- 
dicular thread  is  exactly  in  the  middle  between 
the  two  others  i or  in  other  words,  the  angld 
which  the  thread  from  the  window  makes  with 

2 the 
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the  perpendicular  one , is  exactly  equal  to  that 
which  is  made  with  it  by  the  thread  which  goes 
to  thefpot  on  the  wall.  For  if  you  place  a gra- 
duated ruler  againft  the  three  firings,  parallel 
with  the  table,  you  will  find  that  the  perpendi- 
cular one  falls  exactly  in  the  middle  between 
the  others.  See  figure  ift. 

Now  the  light  comes  in  a right  line  from  the 
window  to  the  glafs,  and  goes  in  another  right 
line  from  the  glafs  to  the  wall.  The  firings 
therefore  being  flrait,  reprefent  thefe  beams  of 
light.  The  light  which  comes  from  the  window 
to  the  glafs  is  called  the  incident  light ; and  that 
which  goes  from  the  glafs  to  the  wrall,  is  called 
th t reflected  light.  The  angle  which  the  incident 
ray  (I  S)  (fee  the  figure)  makes  with  a line  (P  S) 
perpendicular  to  the  point  of  the  furface  whereon 
they  fall,  (as  the  perpendicular  thread  in  this 
Cafe)  is  called  the  angle  of  incidence.  That  which 
the  refleXed  ray  (S  R)  makes  with  the  fame  per- 
pendicular, is  called  the  angle  of  reflection.  And  it 
is  an  invariable  rule  in  optics,  that  the  angle  of 
reflection  is  equal  to  the  angle  of  incidence.  If  the 

angle  of  incidence  be  great,  the  angle  of  reflec- 
tion will  be  great;  if  fmall,  the  angle  of  re- 
flexion will  alfo  be  fmall : and  if  the  angle  of 
incidence  be  nothing,  the  angle  of  refleXion 
will  be  nothing,  fo  that  the  ray  will  be  refleXed 
back  in  the  fame  line  that  it  came. 
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Whenever  therefore  a ray  of  light  falls  on  a 
body,  we  are  to  imagine  a line  perpendicular  to 
the  point  of  the  furface  whereon  the  ray-  falls ; 
and  by  knowing  the  angle  which  the  ray  makes 
with  that  perpendicular,  we  alfo  know  the  angle 
of  reflection. 


This  rule  holds  good,  not  only  in  flat,  but 
in  all  other  kinds  of  furfaces,  of  whatever  figure 
they  be.  And  it  may  likewife  be  noted,  that 
if  the  reflected  ray  be  again  reflected,  and  if 
the  reflection  of  it  be  repeated  to  any  number 
of  times,  the  fame  rule  obtains.  You  have  only 
to  confider,  that  if  a reflected  ray  is  to  be  again 
reflected,  it  is  to  be  confidered  as  an  incident  ray; 
fo  that  nothing  in  philofophy  is  more  eai'y  to  be 
conceived  than  the  reflection  of  light. 

Before  I proceed  to  explain  the  refraction  of 
light,  I mult  acquaint  the  reader,  that  whatever 
light  pafles  through,  is -called  by  opticians  a 
medium.  Thus,  air  is  a medium ; water,  and 
glafs  are  mediums,  and  fo  of  other  tranfparent 
lubftances.  An  optician  has  only  to  confider 
bodies  as  mediums  of  greater  or  lei’s  refraCtive 
denflty.  Thus  air  is  a rare  medium,  and  refraCts 
but  little  •,  water  a denier,  and  refracts  more ; 
and  glafs- is  a medium,  Hill  denier. 
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While  a ray  of  light  paiTes  through  a me- 
dium of  the  fame  denfity,  it  goes  on  in  a ftrait 
line.  But  if  it  paffes  out  of  that  medium  into 
another,  whofe  refractive  denfity  is  greater  or 
lefs,  it  takes  a new  diredtion,  or  is  bent  into  an 
angle,  as  will  prefently  be  feen. 


Into  any  fhallow  upright  veffel  put  a fhilling-, 
and  retire  to  fuch  a diftance,  as  that  you  can  juft 
fee  the  farther  edge  of  the  fhilling,  but  no  more. 
Let  the  veffel,  the  fhilling,  and  your  eye,  remain 
in  the  fame  fituation,  while  an  affiftant  fills  up 
the  velfel  with  water,  and  the  whole  fhilling  will 
now  become  vifible.  The  reafon  of  this  will  be 
Ihewn  by  the  following  fcheme.  (Figure  2.) 

Let  Y reprefent  the  veffel,  S the  fhilling,  and 
E the  eye.  R E will  be  the  only  one  of  the  three 
rays,  coming  from  three  different  points  of  the 
fhilling,  which  will  reach  the  eye  while  the  veffel 
is  empty,  and  therefore  only  the  outermoft  edge 
of  the  fhilling  can  be  feen  : the  rays  in  this  cafe 
coming  in  a right  line  from  the  fhilling  to  the 
eye. 

Let  now  the  veffel  be  filled  with  water,  and 
let  r N be  a ray,  coming  from  the  innermoft 
edge  of  the  fhilling,  it  will  pafs  on  in  a right 
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line  to  the  furface  of  the  water.  But  on  its 
entrance  into  die  air  it  will  not  continue  its 
courfe  in  a right  line,  but  will  be  bent  or  re- 
fradted,  fo  as  to  arrive  at  the  eye  (e)  in  the 
diredtion  of  the  dotted  line  N e ; and  hence  you 
have  the  real'on  why  the  whole  (hilling  was  feen 
in  the  latter  cafe,  and  not  in  the  former;  for  if 
the  inner  edge  is  feen,  the  whole  (hilling  muft  in 
courfe  be  vifible.  So  like  wife  a (trait  (tick  put 
partly  into  water  appears  to  be  bent.  And  ob- 
jects appear  through  a prifm  higher  or  lower 
than  they  really  are. 

I (hewed  before,  that  the  angle  of  reflection 
is  equal  to  the  angle  of  incidence.  But  with 
regard  to  refraction,  the  cafe  is  otherwife,  as 
you  will  find  by  the  two  following  rules. 

1.  When  the  refraction  is  made  out  of  a denfer 
into  a rarer  medium,  the  angle  of  refradtion  is 
greater  than  the  angle  of  incidence  ; that  is,  the 
ray  is  refradted  from  the  perpendicular. 

2.  But  when  the  refradtion  is  made  out  of  a 
rarer  medium  into  a denfer,  the  angle  of  refrac- 
tion is  lcfs  than  the  angle  of  incidence ; or  the 
ray  is  refracted  towards  the  perpendicular. 

To  explain  the  firft  of  thefc  laws,  let  RS (fig.  3.) 
be  a ray  palling  through  the  water  in  a right 

. line* 


OPTICS. 


149 


fine,  till  it  arrives  at  S,  draw  Pp  perpendicular  to 
that  point  of  the  furface  •,  and  as  the  refraction 
is  out  of  water,  a denfer  medium,  into  air,  a 
rarer,  it  mull  be  from  the  perpendicular.  The 
ray  therefore,  inltead  of  going  on  in  a right 
line  RS,  will  be  bent  into  the  direction  Sr,  and 
therefore  the  angle  of  refraCtion  r S P is  greater 
than  the  angle  of  incidence  R S p. 

To  explain  the  fecond  law,  let  R S (fig.  4.)  be 
a ray  palling  through  air  in  a right  line  to  S.  P p 
is  the  perpendicular  to  that  point  of  the  furface. 
And  as  the  refraCtion  is  to  be  made  out  of  air, 
a rarer,  into  water,  a denfer  medium,  it  will 
be  towards  the  perpendicular.  The  ray  there- 
fore, inltead  of  palling  on  in  a right  line  R S, 
will  be  turned  into  the  direction  S r,  fo  that  the 
angle  of  refraCtion  rSp  will  be  lels  than  the 
angle  of  incidence  R S P, 

Thefe  cafes,  being  only  the  reverie  of  each 
other,  are  perfectly  eafy  to  be  conceived.  And 
the  rules  hold  good,  as  in  reflection,  whatever 
be  the  figure  of  the  medium’s  furface.  When 
therefore  the  angle  of  incidence  is  great,  the 
angle  of  refraCtion  will  alfo  be  greats  when  fmall, 
the  angle  of  refraCtion  will  likewile  be  fmall. 
And  wheh  the  angle  of  incidence  is  nothing 
(that  is,  when  the  ray  moves  on  to  the  furface 
of  the  body  in  the  direction  of  the  perpendicular) 
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the  angle  of  refraction  will  be  nothing ; that  is, 
the  ray  will  continue  to  pafs  on  in  a right  line,  as 
if  in  the  fame  medium  : in  like  manner  as  when 
in  reflection,  the  angle  of  incidence  is  nothing, 
the  ray  is  reflected  back  into  the  line  of  its  in- 
cidence. 

As  in  refietion,  the  angle  is  always  equal  to 
* that  of  incidence,  fo  there  is  a conftant  or  in- 
variable proportion  between  the  angles  of  inci- 
dence and  refration,  with  the  fame  mediums  *, 
or,  to  fpeak  more  properly,  between  the  fines  of 
thofe  angles.  For  an  angle  may  be  meafured  by 
letting  fall  a perpendicular  from  a given  point  in 
One  of  the  lines,  by  which  it  is  formed  upon  the 
other : this  perpendicular  line  is  called  the  fine 
of  the  angle  j and  in  order  to  determine  the  ratio 
between  the  fines  of  different  angles,  no  other 
caution  is  neceflary  than  that  the  afifumed  points 
from  which  the  perpendiculars  are  let  fall  be 
equally  diftant  from  the  center  or  point  of  inci- 
dence. Thus  it  is  found,  that  the  fine  of  the 
angle  of  refraction  out  of  air  into  water  is  to  the 
fine  of  the  angle  of  incidence  always  as  three  to 
four.  But  in  different  mediums  the  proportions 
are  different,  according  to  their  refractive  denfity. 
For  example,  the  proportion  of  the  fines  of  the 
angles  of  incidence  and  refraction  out  of  air  into 
glafs,  is  as  feventeen  to  eleven  ; and  other  me- 
diyims  have  other  fixed  proportions. 
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Having  thus  explained  the  laws  of  refledtion 
and  refraction  of  light,  I fhall  now  proceed  to 
the  application  of  them  •,  and  alfo  to  the  con- 
fideration  of  fuch  other  particulars  as  may  be 
neceflary  to  the  underftanding  of  the  dodtrine 
of  vifion. 

Whatever  is  feen  or  beheld  by  the  eye,  is 
called  by  opticians  an  object.  Thus,  an  arrow 
is  an  objedt ; a bird  is  an  objedt ; a wall,  the 
fky,  the  ground,  &c.  are  objedts. 

The  furface  of  an  objedt  is  confidered  by 
opticians  as  made  up  of  a vaft  number  of  very 
minute  points  placed  clofe  to  each  other ; from 
every  one  of  which  points  rays  of  light  ifiue  in 
every  diredtion.  If  you  Angle  out  one  of  thefe 
points,  and  imagine  it  to  remain  alone  ; or  if 
you  fuppofe  that  point  only  to  be  illuminated  by 
the  rays  of  light,  it  may  be  reprefented  by  figure 
5th.  p is  the  point,  and  the  lines  proceeding  from 
it  are  rays  of  light.  Ofcourfe,  in  whatever  po- 
fition  the  eye  be  placed,  whether  at  A,  B,  C,  &c. 
the  point  will  be  vifible,  rays  being  alike  remedied 
from  it  to  every  part. 

Now,  let  L reprefent  a convex  lens,  or  com- 
mon burning-glafs.  Let  it  be  placed  before  the 
point  p,  and  as  the  glafs  is  tranfparent,  the 
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rays  will  pafs  out  of  the  air  into  the  glafs,  and  out 
of  the  glafs  again  into  the  air  beyond  it,  and  then 
ftrait  oh.  But  as  glafs  is  a denfer  medium  than 
air,  it  will  refraCt  the  rays  at  their  entrance  into 
it,  and  the  air  beyond  will  again  refraCt  them 
in  a contrary  manner,  in  their  paffage  into  it 
from  the  other  fide  of  the  glafs,  as  may  be 
gathered  from  what  has  been  faid  of  refraction. 
To  reprefent  this  the  more  clearly,  let  p in  the 
6th  figure  be  the  point,  L the  lens,  and  p S one 
of  the  outermoft  rays  that  falls  on  that  lens.  P S 
will  be  the  perpendicular  to  the  point  of  the 
furface  on  which  the  ray  falls.  As  glafs  is  a 
denfer  medium  than  air,  the  angle  of  refraction 
will  be  lefs  than  the  angle  of  incidence,  and 
therefore  the  ray  will  be  turned  out  of  its  right- 
lined  direction,  and  go  on  in  a ftrait  line  to  n. 

It  is  now  to  pafs  out  of  the  glafs  into  the  air. 

T n is  the  perpendicular  to  that  point  of  the 
furface  ; and  as  the  refraCtion  is  to  be  out  of  a 
denfer  into  a rarer  medium,  the  angle  of  refrac- 
tion muft  be  greater  than  the  angle  of  incidence, 
and  therefore  the  ray  will  be  turned  from  T,  and 
in  courfe  it  will  go  on  in  the  direction  of  n x. 
Now  it  is  obvious,  that  the  ray  p O muft  be 
refraCted  in  the  fame  manner  as  the  ray  p S. 
The  two  rays  will  therefore  meet  at  x •,  and  it 
we  fup pole  a number  of  intermediate  rays  i tru- 
ing from  the  point  p,  they  will  all  be  refraCted 
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by  the  glafs  in  fuch  a manner,  as  that  their 
angles  of  incidence  fhall  be  to  the  angles  of 
refraction,  as  feventeen  to  eleven,  and  they  will 
all  be  again  refrafted  by  the  air  in  palling  out  of 
the  glafs,  in  fuch  a manner  as  that  their  angles 
of  incidence  fhall  be  to  their  angles  of  refraction 
as  eleven  to  feventeen,  fo  that  they  will  all  meet 
at  the  point  x ^ they  will  crofs  each  other  at  that 
point,  and  then  go  flrait  on,  forming  the  angle 
n x yi. 

Now,  if  a paper  be  placed  at  x,  fo  that  the 
rays  may  fall  on  it,  they  will  paint  the  image  or 
picture  of  the  point  p on  that  paper. 

Inftead  of  one,  imagine  three  points,  A,  B,  C, 
at  a convenient  diftance  from  each  other,  and 
let  the  lens  be  placed  before  them,  as  repre- 
fented  in  the  feventh  figure.  The  rays  flowing 
from  each  point,  will,  after  refraCtion  in  the 
manner  before  delcribed,  form  each  their  refpec- 
tive  images  c,  b,  a,  on  a paper  placed  behind 
the  lens,  as  you  may  alfo  prove  by  experiment ; 
but  the  images  you  fee  are  inverted,  or  in  a con- 
trary order  to  that  of  their  originals,  the  image 
of  A,  which  is  uppermoft,  being  below,  and 
the  image  of  C,  which  is  undermofl,  being 
above, 
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To  make  this  more  plain,  place  the  convex 
lens  before  a candle,  and  at  a proper  diftance 
on  the  other  fide,  hold  a piece  of  paper  ; you 
will  find  the  image  of  the  candle  very  exactly 
painted  on  this  latter,  but  in  an  inverted  pofi- 
tion,  or  upfide-down,  juft  as  is  reprefented  in 
the  figures ; and  if  you  imagine  the  whole  fur- 
face  of  the  candle  to  be  made  up  of  luminous 
points,  and  the  rays  from  each  point  to  be  re- 
fracted in  the  manner  of  thofe  three  which  are 
here  delineated,  you  will  have  the  whole  expe- 
riment, with  its  very  curious  reafons,  clearly 
before  you. 

But  this  is  not  the  principal  inference  which 
was  meant  to  be  drawn  from  this  experiment. 
You  will  find,  that  by  holding  the  paper  nearer 
to  the  lens,  the  image  of  the  candle  becomes 
lefs  clear  or  diftinCt,  till  at  length  its  figure  is 
quite  loft  •,  and  the  like  happens  by  removing 
the  paper  beyond  the  proper  diftance.  If  you 
look  in  figure  6,  you  will  perceive  that  the 
image  of  the  point  p can  only  be  painted 
in  its  proper  dimenfions,  where  the  rays  meet 
at  x.  If  the  paper  be  held  nearer,  or  removed 
further  from  the  lens,  as  at  k or  1,  not  a point, 
but  a fpot  will  be  painte.d  on  it  by  the  rays ; 
and  the  Ipot  will  be  greater  according  as  the 
paper  is  removed  either  way  from  the  point; 
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the  point  or  place  where  the  rays  meet  and  crofs 
is  called  the  focus.  So  in  figure  7,  when  the 
paper  is  in  the  focus  of  the  rays,  each  point  of 
the  candle  is  painted  in  its  proper  fize  and  fitua- 
tion  with  refpedt  to  the  others,  as  in  the  original 
and  therefore  the  whole  image  formed  of  thofe 
points  appears  diftindt,  or  rightly  defined.  But 
if  the  paper  be  fuppofed  to  be  removed  out  of 
that  focus,  either  towards  or  from  the  glafs,  the 
images  of  the  points-  of  the  object  will  be  en- 
larged, and  run  into  one  another,  the  picture 
formed  of  them  will  of  courfe  become  indiflindt 
or  confufed,  and  that  fo  much  the  more  as  the 
paper  is  further  removed  from  the  focus,  till  at 
length  it  is  no  longer  diftinguifhable. 

Thus  much  being  premifed  concerning  the 
images  of  objedts,  we  may  proceed  to  the  doc- 
trine of  vifion. 

In  the  eye  are  contained  three  humours,  the 
aqueous,  cryflalline,  and  vitreous,  feparated 
from  each  other  by  proper  coats  or  membranes. 
A (fig.  8.)  reprefents  the  aqueous,  or  foremoft,  C 
the  cryflalline,  which  is  in  the  middle,  and  V 
the  vitreous,  which  is  behind,  and  fills  up  all 
the  back  part  of  the  eye  •,  p p is  the  pupil  or 
hole  through  which  the  rays  pals,  and  R,  R,  R, 
is  the  retina,  placed  behind  all  the  humours,  and 
which  is  the  proper  organ  of  vifion.  For  the 
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rays  of  light,  by  ftriking  againft  that  mem- 
brane  caufe  vifion,  in  like  manner  as  any  thing 
ftruck  againft  the  fk in  caufeth  feeling.  Thus 
alfo,  if  you  ftrike  the  corner  of  either  eye  with 
your  finger,  you  fee  a fpot  of  light*  the  ftroke 
of  the  finger  being  conveyed  by  the  humours  of 
the  eye  to  the  retina.  Alfo,  if  the  eye  be  vio- 
lently ftruck,  light  is  feen,  as  pain  is  felt  from 
ftriking  any  part  of  the  body,  in  which  is  the 
fenfe  of  feeling. 

The  three  humours  of  the  eye  are  to  be  con- 
sidered as  fo  many  mediums.  The  aqueous  is 
the  rareft,  the  cryftalline  the  denfeft,  and  the  vi- 
treous between  both. 

If  a ray  of  light,  as  rR,  falls  perpendicularly 
on  the  eye,  it  pafies  ftrait  on  the  retina,  without 
refradtion  * for  reafons  which  have  been  already 
given. 

But  if  a ray  enters  the  eye  in  any  other  direc- 
tion, it  will  be  refradted  by  the  feveral  humours, 
in  the  following  manner. 

Let  Rt  be  a ray  pafiing  through  the  air  to  the 
eye,  fo  as  to  fall  on  the  cornea  at  t * and  as  the 
aqueous  humour  is  denfer  than  air,  the  refrac- 
tion mult  be  made  towards  the  perpendicular,  as 
has  already  been  explained  * the  ray  therefore 
will  pals  on  to  the  furface  of  the  cryftalline  hq- 
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mour  in  the  direction  of  tn.  The  cryftalline  is 
denfer  than  the  aqueous  and  vitreous  humours, 
and  therefore  the  ray  will,  by  the  refraction,  be 
defleCted  towards  the  axis  of  the  cryftalline, 
upon  the  principle  of  convex  lenfes,  and  will  at 
length  fall  at  R on  the  retina. 

Other  rays  may  be  imagined  ifliiing  from  the 
fame  point  with  the  ray  rR,  fo  as  to  occupy  the 
whole  width  of  the  pupil  p,  p,  and  then  they 
will  all  be  refraCted  in  like  manner,  fo  as  to 
meet  in  the  fame  point  of  the  retina  ; and  the 
image  of  the  point  r,  from  whence  the  rays  flow, 
will  then  be  painted  on  the  retina,  in  the  fame 
manner  as  the  image  of  the  point  p in  figure 
6 was  painted  on  the  paper  by  means  of  the 
lens. 

Imagine  three  fuch  points,  viz.  O,  r,  B,  with 
rays  proceeding  from  each  of  them  to  the  eye, 
analogous  to  what  w;as  before  defcribed  with  re- 
fpeCt  to  the  lens.  The  rays  after  refraClion  will 
meet  on  the  retina  in  three  points,  b,  R,  o,  in  an 
inverted  fituation  with  refpeCt  to  their  originals, 
the  image  of  the  upper  one  being  loweft,  and 
that  of  the  lower  one  higheft  ; and  by  the  fame 
reafon,  if  you  place  an  arrow  before  the  eye, 
the  image  thereof  will  be  painted  in  an  in- 
verted pofition  with  refpeCt  to  the  arrow  itfelf, 
as  was  fhewn  of  the  lens.  From  hence  you 
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will  alfo  underftand,  that  the  images  of  all  ob- 
jedts  feen  by  the  eye  are  painted  on  the  retina  in 
a diredt  contrary  pofition  to  the  objedbs  them- 
felves ; the  tipper  parts  of  thofe  objedis  being 
painted  lowermoft  in  the  retina,  their  right  Tides 
on  the  left  in  the  retinae,  and  the  like  of  other 
parts. 

It  may  be  allied,  “ How  comes  it  that 
4C  objedts  are  feen  in  their  proper  pofition,  fee- 
ing that  their  images  are  inverted  in  the  eye?” 
To  this  it  may  be  anfwered,  that  it  is  not  the 
eye  itfelf  that  fees,  but  the  fibres  of  the  optic 
nerve  which  are  expanded  into,  and  form  the 
eflential  part  of  the  retina,  convey  the  impref- 
fion  which  they  receive  from  the  impulfe  of 
the  rays,  to  the  fenfory  or  feat  of  the  mind,  at 
the  origin  of  thofe  nerves  in  the  brain.  As  a 
proof  of  this,  if  the  optic  nerve  be  comprefled, 
fo  that  its  communication  with  the  brain  is 
hindered,  objedts  are  not  feen,  though  their 
images  are  painted  on  the  retina  as  ufual.  Thus 
alfo,  if  by  leaning  the  head  on  the  hand,  with 
the  elbow  refting  on  a table,  or  by  throwing  one 
leg  over  another,  certain  nerves  are  comprefled, 
the  parts  which  they  ferve  lole  their  fenfe 
of  feeling,  as  every  one  muft  have  obferved ; 
which  alfo  lhovvs,  that  it  is  not  the  organ 
of  fenfe,  but  the  mind  feated  at  the  origin 
of  the  nerves  in  the  brain,  which  perceives.  The 
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fibres  of  the  optic  nerve,  when  they  arrive  at  the 
fenfory*  are  difpofed  in  a contrary  fituation  to 
what  they  are  in  the  eye,  thofe  fibres  which  are 
on  any  one  fide  of  the  retina  going  to  the  contrary 
fide  of  the  fenfory  •,  and  hence  objects  are  painted 
in  the  fenfory  in  their  true  pofition. 

You  may  form  a crude  idea  of  it  by  the  9th 
figure,  where  A,  B,  C,  reprefents  the  retina  of 
the  eye,  c,  b,  a,  that  of  the  fenfory,  the  fibres 
Ac,  Bb,  Ca,  of  the  optic  nerve,  and  of  courfe  the 
arrow  a,  b,  c,  being  in  a contrary  pofition  to 
what  they  are  in  the  fenfory ; and  even  the 
figure  of  the  retina  is  alfo  inverted  ; for  its  con- 
cavity is  outwards  in  the  eye,  but  inwards  in 
the  fenfory  •,  and  the  concavity  is  towards , not 
from  the  perceiving  principle,  as  I have  elfe- 
where  fhewn  * ; for,  by  preffing  the  center  of 
the  eye,  fo  as  to  excite  the  whole  retina,  I found 
that  the  luminous  appearance  eaufed  thereby 
was  concave,  but  that  the  concavity  looked 
towards  me,  which  again  proves  that  it  is  not  in 
the  eye,  but  in  the  fenfory  that  the  images  of 
objects  are  perceived  ; for  the  concavity  of  the 
retina  of  the  eye  looks  the  direct  contrary  way. 
There  being  an  infenfible  fpot  in  the  retina,  and 
no  dark  fpot  in  an  object  viewed  anfwerable 
thereto,  is  another  argument  that  it  is  not  the 

* In  Philolophical  Obfervations  on  the  Senfes,  &c. 
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eye,  but  the  mind  at  the  end  of  the  nerves  in  the 
brain  that  fees  the  objedt. 

But  to  return  to  our  fubjedt.  It  was  fliewn 
before  that  the  image  of  the  candle  refradted  by 
the  convex  lens  was  not  diftindt,  except  the 
paper  was  held  at  a certain  diftance  from  the 
lens ; and  that  the  reafon  was,  that  the  paper 
mud  be  held  in  the  focus  of  the  rays,  or  juft 
where  the  rays  meet  in  points,  or  pencils,  if  I 
may  fo  call  them,  before  they  crofs  each  other: 
for,  that  if  the  paper  was  removed  from  that 
focus  either  way,  the  image  became  confufed. 
The  caufe  of  this  confufion  I alfo  fully  ex- 
plained •,  but,  previous  to  the  application  of  it 
to  vifion,  it  will  be  necefiary  to  purfue  the  fub- 
jedl  a little  farther*  / 

If  the  lens  be  held  at  a certain  diftance  from 
the  candle,  and  the  paper  at  a certain  diftance 
from  the  lens,  the  image  on  the  paper  will  be 
diftindt.  If  now  you  keep  the  paper  at  the 
fame  diftance  from  the  lens,  and  bring  the 
candle  nearer,  its  image  on  the  paper  will  be- 
gin to  be  lefs  diftindt,  and  its  confufion  will  be 
greater  as  the  candle  is  brought  nearer  to  the 
lens.  Alfo,  if  the  candle  be  returned  to  its  firft 
diftance,  and  then  removed  the  contrary  way,  or 
farther  from  the  lens,  the  image  will  become 
more  and  more  confufed,  in  like  manner  as  when 
it  vyas  brought  nearer.  The  reafon  of  this  is, 

that 


— — 


» 


— ■*“ 


r 


.'// . /o face  p.jfri. 

/'/(/.  S<1 


f///.  J2 


I 

1* 


OPTICS. 


161 


that  when  the  candle  is  nearer  to  the  lens,  the 
focus  falls  at  a greater  diftance  than  when  it  is 
removed  farther  off.  Let  L be  the  lens  (fig.  io.) 
and  A,B,C,the  candle  at  three  different  diftances 
from  it;  the  focus  in  thefe  cafes,  will  fall  at  a,  b, 
and  c,  refpedtively,  as  you  will  find  by  tracing 
the  refradtions  of  the  rays  from  thefe  feveral  dif- 
tances, according  to  the  foregoing  rules ; and 
confequently  the  diftance  of  the  paper  from  the 
lens,  in  order  that  the  image  may  be  painted 
diftinct,  muff  be  varied,  according  to  the  diftance 
of  the  objedt  from  the  lens.  If  you  look  on  the 
figure,  you  will  alfo  find  that  the  angle  which 
the  rays  make  with  the  lens,  is  greater  according 
as  the  diftance  of  the  objedt  is  lefs,  and  the  focus 
of  the  rays  is  nearer  to  the  lens  according  as  that 
angle  is  lefs.  The  diftance  of  the  focus  there- 
fore depends  on  the  angle  which  the  rays,  iffuing 
from  a point  of  an  objedt,  makes  with  the  lens. 

Now  for  the  fame  reafon  that  the  focus  varied 
its  diftance  from  the  lens,  according  to  the  dif- 
tance of  the  candle  from  it,  the  focus  of  the  rays 
refradted  by  the  eye  muft  alfo  be  nearer  to,  or 
farther  from,  the  cryftalline  humour  (which  is 
likewife  called  a lens)  according  to  the  diftance 
of  the  objedt  from  the  eye  : for  when  the  objedt 
>s  at  a greater  diftance,  the  focus  muft  be  nearer; 
and  when  the  objedt  is  lefs  remote,  the  focus  muft 
be  more  diftant.  But  yet  in  order  to  fee  objects 
diftindtly  or  clearly,  the  retina  as  well  as  the 
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paper  in  the  above  experiments,  muft  be  exadtf 
in  the  focus  of  the  rays  ; for  if  this  does  not  hap. 
pen,  it  is  obvious  that  the  pictures  of  thoie  ob 
jedts  cannot  be  formed  on  it  diftinct ; and  ye 
diftindt  vifion  depends  on  the  perfedtion  of  th 
images  of  the  objects  looked  at,  on  the  retinr 
But  if  the  arrow  A,  fig.  11,  be  moved  near* 
to  the  eye,  or  farther  from  it,  you  fee  that  i 
the  latter  cafe  the  focus  does  not  reach  the  retinr. 
and  in  the  former  it  would  fall  beyond  it  j cor 
fequently,  as  the  image  in  either  of  thefe  cafe 
would  be  confufed,  the  arrow  could  not  be  di 
tindtly  feen  ; but  it  is  v/ell  known  that  we  ft 
an  objedt  equally  well  in  proportion  to  its  appr 
rent  fize,  whether  its  diftance  from  the  eye  t 
greater  or  lefs.  Thus,  the  arrow  when  at  tw 
yards  diftance,  does  not  appear  more  confufe 
than  when  only  at  one.  The  reafon  of  this  di 
ference  is,  that  the  glafs  lens  retains  the  fan' 
figure  or  fhape,  whatever  be  the  diftance  of  t! 
objedt,  and  therefore,  according  to  the  laws 
refradtion,  the  focal  diftance  muft  vary  as  abov  i 
But  the  eye  has  thewonderful  faculty  of  adaptii 
its  figure  to  the  diftance  of  the  objedt,  fo  as  2 ] 
ways  to,  have  the  retina  in  the  focus  of  the  ray:  : 
and  this  is  effedted  by  means  of  the  cryftalli:  c 
humour,  which  ferves  the  purpofe  of  a conv  : 
lens.  When  the  objedt  is  at  a diftance,  and  t 
focus  would  fall  fhort  of  the  retina,  the  cryft; 
line  lens  forms  itltlf  into  a lefs  convex  figui 
and  therefore  refradts  the  rays  lels ; fo  that  t 
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focus  is  made  to  fall  more  diftant  than  it  would 
fiaturally  do.  But  when  the  objedt  is  near,  and 
the  focus  would  nacurally  fall  beyond  the  retina, 
the  cryftalline  lens  becomes  more  convex,  fo  as 
to  refradt  the  rays  more.;  and  bring  the  focus 
nearer,  fo  that  whatever  be  the  diftanceof  the 
objedt,  the  focus,  by  means  of  this  admirable 
contrivance,  always  falls  on  the  retina;  and  in 
courfe  the  objedt  at  whatever  diftance,  is  feen 
diftindt. 

The  ufe  of  a convex  lens  is  to  make  rays 
converge  or  approach  nearer  to  each  other,  as 
hath  been  fhewn ; and  the  greater  its  convexity, 
the  more  does  it  encreafe  their  convergency : 
But  a concave  lens,  on  the  contrary,  caufeth 
rays  to  diverge  or  recede  from  each  ether,  and 
the  more  fo,  as  the  concavity  is  greater.  The 
figures  12  and  13  re‘prefent  fuch  lenles ; the 
rays  falling  on  them  in  parallel  directions,  are 
turned  from  their  parallel,  to  a diverging  ten- 
dency, by  the  concave  lens  b , and  to  a converg- 
ing tendency,  by  the  convex  lens  a.  The  rea- 
fons  of  this  difference  will  ealily  be  underftood 
by  tracing  the  refradtion  of  a ray  falling  obliquely 
on  each  of  thefe  glaffes,  according  to  the  rules 
already  laid  down. 

IPeople  advanced  in  years  are  generally  obliged 
to  ufc  fpectacles;  of  fpedtacles  however,  there  are 
two  kinds,  thofe  made  of  concave , and  thafe  made 
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of  convex  glafs  lenfes.  When  the  eye  becomes 
old,  it  fh rinks  or  lofes  part  of  its  plumpnefs  or 
convexity  ; io  that  it  cannot,  even  with  the  affift- 
ance  of  the  change  of  figure  of  the  cryftalline 
humour,  fufficrently  refradt  the  rays,  and  there- 
fore they  will-  converge  to  points  beyond  the 
retina.  A convex  lens  encreafesthe  convergency 
of  the  rays,  and  therefore  if  placed  before  the 
eye,  will  caufe  the  focus  to  fall  nearer  to  the 
cryftalline  humour.  The  fpedtacles  ufed  by 
aged  people  are  therefore  made  of  convex  lenfes. 
But  the  eyes  of  fome  are  more  withered  than 
thofe  of  others,  and  thofe  in  whom  this  defedt  is 
greateft,  require  lenfes  of  a more  convex  figure 
in  order  to  make  the  rays  converge  to  the  retina. 
Hence  the  reafon  why  the  fame  fpedtacles  will 
not  ferve  for  different  people  •,  and  we  find  that 
opticians  number  their  fpedtacles  according  to 
the  degrees  of  their  convexity. 

There  are  likewife  many  people  who  are  near 
fight ed,  the  defedt  of  whofe  eyes  is  diredtiy  the 
reverfe  of  thofe  juft  difcourfed  of.  For  they  are 
too  pliunp  or  convex,  l'o  that  they  converge  the 
rays  before  they  arrive  at  the  retina.  Now  the 
concave  lens,  by  encreafing  the  divergency  of  the 
rays  before  they  enter  the  eye,  prevents  their 
being  conversed  fo  foon  as  before  *,  and  hence 
according  as  the  eyes  are  more  plump,  fpedtacles 
of  greater  concavity  are  required,  in  order  that 
the  foci'  of  the  rays  may  be  made  to  fall  on  the 
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retina  i which,  as  hath  already  been  fhewn,  is 
neceflary  to  diftindt  vifion.  As  the  eye  naturally 
grows  flatter  by  age,  the  light  of  thefe  people 
mend  as  they  become  older,  and  therefore  they 
are  faid  to  have  the  moll  lading  eyes. 

Having  thus  given  a general  idea  of  viflon,  I 
fhall  now  proceed  to  explain  fome  of  the  parti- 
cular phenomena  thereof. 

You  may  have  obferved,  that  objects  appear 
through  convex  lenfes  at  different  diflances  from 

D 

what  they  do  to  the  naked  eye.  Thus,  the  ob- 
jedt  L,  fig.  14,  when  l'een  by  the  naked  eye,  ap- 
pears atL-,  but  if  a convex  lens  be  placed  before 
the  eye,  the  rays,  after  refradtion,  if  they  were 
.continued  on  in  ftrait  lines,  would  not  meet  at  A, 
but  at  the  point  / beyond  it,  at  which  place  the 
objedi:  will  appear-,  for  you  may  gather  from 
what  has  been ‘faid  before.,  that  '■'■ancbjeft  al- 
“ ways  appears  in  that  place  to  which  the  rays 
“ would,  converge , or  from  which  they  would  di- 
■“  verge , in  falling  on  the  eye .”  It  has  already 
been  Ihewn,  that  according  as  an  objedi:  is 
more  diftant,  the  angle  which  the  rays  iffuing 
from  a point  .thereof,  form  with  the  eye  is 
lefs ; now  the  eye  judges  of  the  diftance  ac- 
I cording  to  that  angle.  As  the  apparent  diftance 
therefore  depends  on  that  angle,  it  follows  that 
the  eye  mull  form  the  fame  judgment  of  the  clif- 
Janceof  the  objedi  /,  whether  the  rays  really  flow 
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from  that  diftance,  or  only  feem  to  do  fo;  and  hence 
We  have  the  caufe  of  many  curious  deceptions  of 
vifion.  Thus,  a concave  lens  (fig.  15.)  makes  an 
objeCt  appear  nearer,  becaufe  by  diverging  the 
rays,  it  makes  them  flow  as  from  the  point  ^ 
lefs  diftant  than  M,  the  point  from  whence  they 
diverged  before. 

If  an  object  behind  you  be  feen  by  reflection 
from  a common,  or  plain  mirror,  it  does  not 
appear  as  upon  the  furface  of  the  glafs,  from 
whence  the  rays  really  come,  but  as  far  beyond 
that  furface  as  the  objeCt  itfelf  is  diftant  from  it. 
Let  S S,  (fig.  16.)  be  the  furface  of  the  mirror, 
A the  object,  and  R r,  rays  flowing  from  a point 
of  that  objeCt  to  the  glafs  from  whence  they  are 
reflected  to  the  eye.  If  the  rays  were  continued 
from  the  eye,  according  to  the  dotted  lines, 
they  would  meet  in  the  point  p,  and  therefore 
the  objeCt  muft  appear  as  at  a , as  we  find  to  be 
the  cafe. 

» • . •»  -* 

If  the  furface  of  the  mirror  be  not  plane,  but 
convex,  as  b b,  (fig.  17.)  the  rays  will  be  more 
diverged  after  reflection  from  the  glafs  to  the 
eye,  and  therefore  if  continued,  would  meet  in 
a point p,  nearer  to  the  eye  than  in  the  laft  cafe, 

and  hence  the  objeCt  would  feem  to  be  nearer. 

! • .*’-  *■  v % * 

On  the  contrary,  if  the  furface  be  concave,  as 
pC,  (fig.  18.)  the  rays  will  be  rendered  lefs  di- 
verging as  they  flow  from  the  glafs,  than  by  the 
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plane  mirror,  and  therefore  the  point  p,  at  which 
they  would  meet,  would  be  more  diftant  •,  fo 
that  the  objeX  would  appear  more  remote.  But 
if  the  concavity  be  fo  great  as  to  render  the  rays 
converging,  as  they  flow  from  it  to  the  eye,  the 
point  will  be  before  the  furface  as  at  p,  fig.  19, 
and  therefore  the  object  will  appear  lefs  dfllant 
than  the  glafs. 

If  the  objeX  Q,  (fig.  20.)  be  viewed  through  a 
glafs  prifm  P,  it  will  not  appear  at  Q,  but  at  q, 
the  point  to  which  the  rays  after  refraXion  would 
converge.  So  the  (hilling  in  fig.  2.  appeared  to 
be  removed  out  of  its  place.  Hence  alfo  a (tick 
partly  placed  in  water  does  not  appear  {trait,  as 
before,  but  bent ; and  other  inftances  of  the 
changes  of  place,  or  diftance  of  objects,  by  re- 
flexion and  refraXion,  may  be  underftood  by 
gleans  of  this  rule. 

You  may  likewife  have  remarked,  thatobjeXs 
when  feen  in  fome  cafes  of  refleXion  and  refrac- 
tion, appear  to  be  bigger  or  lefs  than  naturally. 
Thus,  an  objeX  feen  through  a convex  lens  ap- 
pears bigger ; and  through  a concave  lens  lefs. 
You  will  underftand  the  reafon  of  this,  by  ob- 
(erving  that  the  points  of  which  their  images  are 
compofed,  are  by  the  refraXion  or  reflection,  re- 
moved further  from,  or  brought  nearer  to  each 
other  than  before.  Thus,  the  points  of  the  ar- 
fow  a b,  in  fig.  14,  are  by  means  of  the  convex 
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lens,  removed  farther  from  each  other,  than  in  A 
B,  and  by  the  concave  lens  in  figure  15,  brought 
nearer  to  each  other  than  in  A B,  and  of  courfe 
the  object  muft  appear  larger  in  the  former,  and 
lefs  in  the  latter  cafe,  than  to  the  naked  eye. 
For  like  reafons  a concave  mirror  makes  objects 
appear  larger,  and  a convex  one  fmaller  than 
naturally.  On  thefe  principles  the  conftruction 
of  telefcopes,  and  other  magnifying  glades  de- 
pend. 

The  image  of  the  fame  object  in  the  eye  is  lefs, 
according  as  the  diftance  is  greater.  Thus,  let 
E,  fig.  2 i , be  the  eye,  A B an  objeft  at  a certain 
diftance  from  the  eye,  and  a b,  the  fame  object, 
*■  at  twice  that  diftance  ; the  image  in  the  retina  in 
the  latter  cafe  is  but  half  the  length  of  that  in  the 
former.  You  may  prove  this  by  placing  two 
fticks  of  equal  lengths,  one  at  a yard,  the  other  at 
two  yards  diftance  from  the  eye,  fo  that  the  lower 
ends  of  them  may  appear  parallel,  and  you  will 
find  that  the  nearer  one  has  twice  the  apparent 
length  of  the  farther.  The  reafonof  this  is,  that 
the  angle  formed  with  the  eye  by  the  rays  pro- 
ceeding from  A B is  greater  than  that  formed  by 
the  rays  from  a b.  The  angle  which  an  objedt 
forms  with  the  eye  is  called  the  vifual  angle ; this 
angle  is  diminifhed  as  the  fame  objecft  is  removed 
to  a greater  diftance,  and  alfo  when  viewed 
through  a concave  lens,  or  by  reflection  from  a 
convex  mirror ; on  the  contrary,  in  proportion 
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It  muft  be  underftood  then,  that  every  part 
of  the  retina  of  one  eye  has  a correfponding  part 
jn  the  other ; fo  that  when  the  image  of  the  fame 
object  falls,  in  the  fame  manner,  upon  the  an- 
fwerable  parts  of  both  eyes,  only  one  objedt  is 
perceived,  as  if  the  image  had  fallen  upon  one 
eye  only.  Thus,  if  you  look  at  a fhilling,  you 
fee  it  with  both  eyes  at  once,  as  you  may  prove 
by  {hutting  one  of  them,  and  yet  with  both 
eyes  you  fee  only  one  {hilling. 

It  was  {hewn  before  that  vifion  is  not  made 
in  the  eye,  but  by  the  nervous  expanfion  in  the 
fenfory.  If  you  imagine  each  of  the  fibres  of  the 
optic  nerve,  of  which  this  is  formed,  to  be  dou- 
ble, or  compofed  of  two,  one  of  which  goes  to 
the  anfwerable  part  of  each  eye,  you  will  be  able 
to  form  a very  clear  idea  of  this  phenomenon, 
and  that  this  is  the  cafe,  appears  by  the  follow- 
ing experiment.  Look  at  any  object,  fuppofe 
the  flame  of  a candle,  fteadfaftly  with  both  eyes, 
you  behold  it  Angle ; but  force  one  of  your  eyes 
out  of  its  pofition  with  your  finger,  the  object 
is  no  longer  feen  fingle,  but  two  flames  are  be- 
held infteadof  one;  and  the  more  the  eye  is  forced 
out  of  its  direction,  the  more  diftant  from  each 
other  will  the  two  flames  appear.  And  this  ought 
to  happen,  according  to  the  theory ; for  the 
image  of  the  objedt  in  one  eye,  can  now  no  lon- 
ger fall  on  the  correfponding  part  of  the  other; 
and  this  variation  mult  needs  be  greater,  accord- 
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ing  as  the  eye  is  forced  more  afide,  as  appears 
by  experiment  to  be  the  cafe. 

If  you  fix  any  objedt  againft  a wall,  or  other- 
wife,  and  let  a perlon  Hand  very  near  it,  looking 
at  it  fteadfaftly,  fo  as  to  view  it  fmgle,  and  if 
then  he  removes  backward,  ftill  looking  at  the 
object,  you  will  find  that  when  he  was  near  it, 
his  eyes  were  turned  more  towards  each  other, 
than  when  lie  was  at  a diftance,  and  that  his  eyes 
as  he  retired,  continually  receded  from  each  other. 
Now  in  order  to  fee  an  object  well,  its  image 
mu  ft  fall  on  the  centre  or  middle  part  of  the 
retina.  If  any  perfon  looks  at  an  objedt  with 
one  eye,  you  will  find  that  he  turns  his  eye  di- 
redtly  towards  it;  for  though  it  may  be  feen  other- 
wife,  yet  it  is  not  feen  diftindtor  clear,  as  will  be 
found  upon  trial.  Now  if  you  imagine  a right 
line  perpendicular  to  the  centre  of  the  retina, 
that  right  line  will  pafs  diredtly  through  the  cen- 
ter of  the  eye  to  the  objedt  beheld,  and  this  line 
is  called  by  opticians  the  optic  axis.  When  you 
lee  an  objedl  fingly  with  both  eyes,  the  two  optic 
axes  meet  in  the  objedl;  or  in  other  words  “ the 
“ image  of  that  objedt  is  then  painted  exadtlv 
“ on  the  correfponding  parts  of  the  centres  of 
“ both  eyes.”  Conlequently  when  the  objedl 
is  near,  the  optic  axes  muft  meet  near,  or  form 
a greater  angle,  for  which  purpofe  the  eyes  muft 
be  turned  more  towards  each  other.  But  when 
the  objedt  is  remote,  the  axes  muft  meet  at  a 
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greater  diftance,  and  therefore  the  eyes  mult 
be  turned  more  away  from  each  other  as  the 
22d  figure  will  alfo  more  fully  explain,  for 
unlels  the  optic  axes  meet  in  the  objedt,  the 
images  of  the  objedt  are  not  painted  on  the  cor- 
rel'ponding  parts  of  both  eyes,  and  of  epurfe  the 
objedt  will  not  be  viewed  fingle;  the  contrary  of 
which  always  happens  when  the  axes  meet  in  the 
objedt.  We  have  therefore,  you  find,  leveral  ways 
of  judging  of  the  diftances  of  objects  by  vifion. 
i.  By  both  eyes,  according  as  they  are  turned  more 
away  from  each  other  to  view  them  fingiy;  2. 
By  each  eye,  according  as  it  muft  alter  its  figure 
for  throwing  the  image  of  the  object  diftindtly 
on  the  retina ; and,  3.  By  the  fmallnefs  and  in- 
diltindtnefs  with  which  objects  of  a known  fize 
appear.  Thus,  diftant  hills  appear  fmaller  and 
more  obfeured  by  mills,  &c.  than  when  they 
are  near,  and  thence  are  known  to  be  remote-, 
and  there  are  alfo  other  auxiliary  methods  of 
judging  of  the  diltances  of  cbjedts ; as  by  com- 
panion with  others  whofe  diftances  are  better 
known,  and  the  like. 

In  fome  people  we  find  that  the  eyes  are  na- 
turally dillorted,  or  they  fquint , and  yet  they 
fee  objects  fingly  as  well  as  others  who  have  nor. 
that  deformity.  In  thefe  people,  the  globe  of 
one  of  the  eyes  is  turned  awry  with  relpcdt  to 
the  retina,  fo  that  the  optic  axis  coming  from 
the  center  of  the  retina,  does  not  pafs  through  the 
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center  of  the  cornea,  or  globe  of  the  eye,  as 
happens  when  the  eye  is  perfedt ; and  therefore 
when  the  images  fall  on  the  correfponding  parts 
of  both  retinas,  the  eyes  will  not  appear  to  an 
obferver  to  look  the  fame  way.  Thus,  in  fig.  23. 
S is  the  fquinting  eye,  N the  natural  one.  The 
optic  axis  of  S does  not  pafs  through  *z,  the  axis 
of  the  globe,  but  on  one  fide  of  it,  and  of  courfe 
in  order  that  the  images  may  fall  on  the  cor- 
refponding parts  of  both  retina,  that  eye  muft 
be  turned  fo  as  to  appear  diftorted.  In  fome 
cafes  however,  thefe  people  only  fee  objedts  with 
the  found  eye,  the  image  in  the  other  falling  on 
the  infen fible  fpot  at  the  entrance  of  the  optic 
nerve,  already  defcribed. 

If  the 'retina  lofes  its  fenfibility,  as  fometimes’ 
happens  from  an  oppreffion  of  the  optic  nerve, 
or  other  caufe,  no  objedts  will  be  feen,  though 
their  images  are  thrown  on  the  retina  as  ufual, 
or  in  other  words  a total  blindnefs  will  take 
place  •,  and  if  the  fenfibility  be  loft  in  part,  vifion 
will  be  lefs  ftrong  in  proportion.  Alfo  if  any 
particular  part  of  the  retina  ftiould  happen  to 
lofe  its  fenfibility,  either  wholly  or  in  part,  a 
partial  blindnefs,  or  defedt  of  fight,  will  enfue  j 
the  other  parts  of  the  retina  enjoying  their  power 
of  vifion  as  ufual. 

If  either  of  the  coats  or  humours  of  the  eye 
becomes  totally  opake,  vifion  will  alfo  be  loft, 
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becaufe  no  rays  can  then  pafs  to  the  retina. 
And  if  the  opacity  be  imperfect,  the  fight  will 
become  more  obfcure  in  proportion.  Sometimes 
die  cryftalline  humour  becomes  opake,  but  if 
it  be  removed  by  extraction,  the  fight  will  be 
reftored,  except  that  a convex  glafs  lens  is  re- 
quired to  be  ufed,  to  fupply  the  place  of  the 
humour  loll.  This  is  not  requiflte  when  the 
aqueous  humour  is  extracted,  as  that  humour 
fQon  regenerates  ; which,  the  cryftalline  does  not.. 

In  fome  cafes  the  opacity  is  not  total,  but 
©nly  partial;,  and  fometimes  there  is  a difficulty 
of  knowing  in  what  part  of  the  eye  the  opacity 
exifts.  The  doftrine  of  vifion  already  explained 
will  affift  in  afcertainins;  it.. 

When  large  particles  float  in  the  aqueous 
humour,,  gnats,  flies,  webs,,  and  the  like,  leen» 
to  float  before  the  eyes. 

When  a perlon- has  the  jaundice,,  and  the  ey<r 
becomes  tinged  yellow,  the  objects  ieen  appear 
alfo  to  be  tinged  with  that  colour, 

CUT  THE  COLOURS'  OF  LIGHT. 

■ . 

Into  fuch  an  hole  of  a window-fhutter  as  • was 
defcribed  at  the  beginning  of  this  chapter,  let  a- 
beam  of  the  fun’s  light  be  admitted,  and  it  will 
paint  a round  white  fpot  on  the  oppofite  wall. 
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But  if  the  beam  paffes  through  a glafs  prifm, 
fo  that  it  may  be  properly  refradted,  the  round 
fpot  will  be  changed  into  an  oblong  one  ; and 
inftead  of  being  white,  as  before,  it  will  appear 
of  various  colours-,  its.  lower  parr  will  be  red, 
its  upper  part  violet,  and  the  intermediate  parts 
of  other  colours.  If  other  prifms  are  ufed  fo' 
as  to  refradl  the  beam  again  diffidently,  the 
colours  will  be  found  to  lie  in  the  following 
order ; red,  orange , yellow,  grten,  blue , indigo, 
•violet,  the  red  running  gradually  through  all  its 
{hades  into  orange the  orange  into  yellow,  and 
the  others  into  thofe  next  following,  till  we  come 
to  the  deeped  violet.  From  whence  it  is  plain 
that  light  confifts  of  rays  of  various  forts;  fome 
of  which  are  more  refradted  by  the  prifm  than 
others,  the  red  making  rays  lead,  the  violet 
mod,  and  the  others  intermediate  to  thole  ac- 
cording as  they  dand  in  the  above  leries. 

The  rays  of  light  therefore  are  not  alike,  for  it 
appears  that  fome  of  them  are  more,  others 
lels  eafily  refradted  by  the  prifm.  Thefe  dif- 
ferent rays  have  alfo  the  property  of  cauhng 
different  colours  in  the  eye,  the  lead  refrangible 
ones  caufing  red,  the  mod  refrangible  violet, 
and  the  others  other  colours  according  to  the 
order  defcribed  above;  and  all  the  colours  in 
the  univerfe  depend  on  this  diverfity  of  the 
rays.  When  all  the  rays  are  mixed  together 
they  caule  a white  colour,  and  hence  the  light 
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0f  the  fun,  which  is  compofed  of  all  forts  of 
rays,  appears  white.  If  the  blue,  and  yellow- 
making rays  are  mixed  together  they  caufe  a 
oreen.  If  red  and  violet  ones  are  thus  mixed 
They  caufe  a purple.  And  mixtures  of  other1 
rays  produce  other  colours.  The  colours  of  all 
bodies  depend  on  the  kind  of  rays  which-  they 
reflect  to  the  eye.  Thus  paper  reflects  all  the 
rays  equally,  and  thence  appears  white.  But  if 
we  put  a flip  of  paper  in  the  red  part  of  the 
fpettrum  (for  fo  the  long  fpot  of  coloured  light 
made  by  the  refradion  of  the  prifm  is  called  by 
opticians)  we  find  that  it  no  longer  appears 
white,  but  red,  becaufe  now  it  reflects  only  the 
red-making  rays  to  the  eye.  If  we  place  it  in 
the  blue  part  of  the  fpectrum,  it  appears  blue,  by 
reafon  that  it  now  reflects  only  the  blue-making 
, rays.  Sealing-wax  naturally  appears  red,  by 
reafon  that  it  reflects  molt  copioufly  the  red-mak- 
ing rays,  but  if  it  be  held  in  the  blue  part  of  the 
fpedtrum,  it  appears  no  longer  red,  but  blue 
and  the  like  may  be  obferved  of  other  bodies, 

H Painters  knew  part  of  this  dodrine  by  practice, 
1 long  before  the  theory  was  found  out.  Thus 
I by  mixing  a blue  and  yellow  colour  together, 

I they  compound  a green.  Red  and  blue,  a pur- 
| pie-,  and  by  mixing  feveral  compound  colours, 
I which,  together,  contain  all  the  original  colours 
I mentioned  above,  in  proper  proportions,  they 
| form  a white,  and  the  like.  That  is,  thofe  mix- 
>1  tures  refled  the  rays  producing  thofe  refpedive 

I N colours 
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colours  to  the  eye,  and  thence  appear  to  us  of 
thofe  colours. 

If  water  be  made  tenacious  with  foap,  and  then 
blown  into  a bubble,  it  is  well  known  that  after  a 
while  a variety  of  colours  will  appear.  Thefe  co- 
lours depend  on  the  thicknefs  of  the  coat  of  the 
bubble,  and  vary  continually  as  the  thicknefe- 
decreales. 

To  explain  the  reafon  of  ' this,  let  A,  B,  C , 
(fig.  24.)  represent  a thin  plate  of  air  between 
two  glades,  the  upper  one  A B being  plane,  and 
the  lower  one  convex.;  and  let  the  lines  inclining 
from  the  right  to  the  left  reprefent  the  red-mak- 
ing, or  lead  refrangible  rays,  falling,  without 
any  others,  on  the  plate  of  air.  It  will  be  found 
that  from  the  concourfe  of  the  glades  A , to  a* 
the  rays  will  pafs  through  that  plater  or  be  tranf- 
mitted ; but  from  a to  b they  will  be  refledted. 
From  b to  c they  will  be  tranfmitted  ';  but  from 
c to  d they  will  be  reflected  : and  fo  on  alternated}7,  ■ 
according  to  the  thicknefs  of  the  plate  cf  air. 

In  like  manner,  if  upon  the  bubble  of  water 
we  throw  only  the  red-making  rays,  the  bubble 
will  not  become  varioufly  coloured,  as  is  the  cafe 
When  rays  of  all  forts  fall  on  it,  but  rings  of  red 
and  black  alternately  will  be  feen.  The  red  rings- 
are  caufed  by  the  rays  refledted  at  thofe  thick- 
nedes'of  the  bubble,  the  black  ones  arife  be- 
caufe  no  rays  are  rededted  at  thefe  thicknefles ; 
and  if  the  bubble  be  viewed  on  the  contrary  fide, 

or 
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or  by  the  trarrfmitted  rays,  thofe  parts  which  by 
the  refleded  light  looked  red,  will  now  appear 
black ; and  contrariwife. 

When  therefore  the  rays  entered  the  air  any 
where  between  A and  a9  they  preferved  their 
difpofition  to  be  tranfmitted  till  they  arrived  at 
the  further  furface  of  the  air,  and  therefore  were 
tranfmitted.  But  when  they  entered  the  air  at 
the  thicknefs  any  where  between  a and  b,  they 
loft  their  difpofition  to  be  tranfmitted  by  the 
time  that  they  arrived  at  the  further  furface  of 
the  plate,  and  therefore  were  not  tranfmitted* 
but  reflected.  T.  he  like  may  be  obferved  of  the 
thickneftes  b,  c \ c,  d\  d,  e &c.  but  the  thick- 
nefs cd  being  double  that  of  a b9  the  rays  muft 
have  had  two  fits  or  difpontions  to  be  refleded 
in  their  paffage  through  the  latter  thicknefs,  and 
for  the  lame  reafon  they  muft  have  had  two  fits 
or  uifpofitions  to  be  tranfmitted  during  their  paf- 
fage through  the  thicknefs  b c-9  and  fo  in  pro- 
portion for  a greater  thicknefs.  From  hence  it 
appears,  that  the  rays  of  light  do  not  move  on 
uniformly,  but  by  fits,  or  ftartsj  that  if  they 
arrive  at  the  further  furface  of  the  plate  in  the 
prog.eftive  fit,  they  break  through  that  furface 
and  fo  are  tranfmitted  ; but  that  if  they  arrive 

Iat  that  furface  beewetn  thefe  progreffive  fits,  they 

are  on  the  contrary  refleded.  This  pulfatory 

motion  of  a ray  of  light  \?  called  the  vibration  of 
the  ray; 
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The  rays  of  light  of  all  other  colours  move  on 
in  like  manner  by  fits  or  darts,  or  have  a like 
vibratory  motion,  but  with  this  difference,  that 
their  vibrations  are  fwifter  ; that  is,  they  have  a 
greater  number  of  them  in  the  lame  time,  or  in 
moving  through  the  fame  fpace,  than  the  red- 
making  ones.  The  violet-making  rays,  forex- 
ample,  vibrate  almod  twice  as  fwift  as  the  red, 
that  is,  though  they  move  on  with  the  fame  ve- 
locity as  the  red,  yet  in  moving  through  the  fame 
fpace  they  make  almod  twice  the  number  of  vi- 
brations. Hence  the  violet  rays  begin  to  be 
reflected  at  a lefs  didance  from  A than  the  red 
ones,  at  x for  example  ; and  begin  to  be  again 
tranfmitted  at  a lefs  didance  than  b%  or  even 
within  a , and  fo  on  continually  •,  and  the  times 
of  vibration  of  the  other  rays,  and  of  courfe  the 
fpaces  or  didances  from  A , at  which  they  begin 
to  be  reflected  and  tranfmitted,  are  greater  than  ( 
thofe  of  the  violet,  in-  proportion  as  thofe  rays 
are  nearer  to  the  red  ones  in  the  fpedtrum  ; that 
is,  in  the  order  of  violet,  indigo,  blue,  green,  j, 
yellow,  orange,  and  red.  Agreeable  to  this  theory  - 
we  find  that  in  the  bubble  of  water  on  which  all  f. 
forts  of  rays  fall,  the  red  in  every  order  of  the  j; 
colours  is  outermod,  and  the  violet  inwards 
the  other  colours  lying' between,  according  to 
the  order  of  their  reflection  as  above  j fo  far  at 
lead,  as  from  their  mixture  in  lo  fmall  a com- 
pafs  they  can  be  didingyidied  from  each  other. 

From; 
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From  this  curious  theory  we  have  the  caufe 
cf  the  colours  of  bodies  j the  particles  of  which, 
according  to  their  different  fizes  or  thickneffes, 
refled  rays  of  different  colours  to  the  eye,  on  the 
fame  principle  as  thefe  colours  are  exhibited  by 
different  thickneffes  of  the  bubble.  Sir  Ifaac 
Newton,  to  whole  tranfcendent  genius  we  are 
indebted  for  this  theory,  has  even  calculated  the 
thickneffes  of  a bubble  of  water,  and  of  the  par- 
ticles of  bodies,  requifite  to  their  exhibiting  the 
various  colours. 

From  hence  alfo  we  are  furnifhed  with  the 
folution  of  a variety  of  phenomena  in  chemif- 
try.  If  an  acid  be  added  to  a blue  vegetable 
infufion,  as  fyrup  of  violets,  it  changes  its  co- 
lour to  red.  If  an  alcali  be  added  to  the  fame 
fyrup,  it  alters  the  colour  to  green ; which 
arifeth  from  hence,  that  the  fizes  or  thickneffes 
of  the  colouring  particles  of  the  fyrup  are  in 
thefe  cafes  varied  by  the  refpedive  additions,  lo 
as  to  caufe  them  to  refled  rays  of  different  co- 
lours. The  particles  of  venous  blood  exhibit  a 
deep  red ; but  by  expofure  to  air,  and  the  con- 
fequent  lofs  of  their  phlogiflon  to  that  fluid,  their 
fizes  or  thickneffes  are  altered  fo  as  to  refled 
thofe  rays  which  conftitute  fcarlet.  By  mixing 
chemical  liquids,  ’tis  well  known  that  a variety  of 
pdd  changes  of  colour  fucceed,  which  are  eafily 
accounted  for  by  this  theory.  But  for  farther 
information  in  this  curious  dodrine  the  reader 
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is  referred  to  the  illuftrious  author  juft  men- 
tioned, and  alfo  to  the  ingenious  Mr.  Delaval’s 
treatile  on  colours.  I have  only  introduced  thus 
much  of  it  to  explain  the  vibrations  of  the  rays 
of  light,  the  underftanding  of  which  will  be  ne- 
Ceftary  to  what  will  be  advanced  in  a future 
chapter  relating  to  vifion. 

I have  now  gone  through  as  much  of  the  de- 
lightful fcience  of  optics  as  is  necefiary  to  the 
illuftration  of  the  doCtrine  of  vifion;  with  the 
following  particular  therefore,  I fhall  clofe  this 
chapter. 

The  refrangibility  of  the  rays  of  light  as  above 
deferibed  is  caufed  by  the  attracting  power  of 
the  prifm ; and  as  the  violet-  making  rays  are 
moft  refracted,  and  the  red -making  ones  leaft, 
it  follows  that  the  former  are  fo  conftruCted 
(whether  by  being  compofed  of  fmaller  particles, 
or  otlierwife,)  as  to  be  more  eafily  drawn  out  of 
{heir  right-lined  direction. 

When  incombuftible  bodies  are  heated,  it  is 
well  known  that  they  fhine,  or  emit  light.  They 
are  then  {aid  to  be  ignited.  Now  the  rays  that 
are  leaft  refraCted  by  bodies  are  moft  eafily  ex- 
pelled in  ignition  ; for  bodies  when  heated,  firft 
ihine  with  a red  coloured  light ; and  this  argues 
{hat  as  the  red-making  rays  are  leaft  attracted 
by  the  prifm,  lb  the  particles  of  which  they  are 
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compofed  are  retained  by  bodies  with  leaft  force. 
As  the  heat  encreafes,  the  particles  which  con- 
ilitute  the  more  refrangible  rays  begin  likewife 
to  be  expelled,  and  by  their  mixture  with  the 
others,  the  red  colour  of  the  body  verges  more 
towards  white;  and  when  the  heat  is  lufficient, 
fo  as  to  expel  all  the  particles  equally  alike,  the 
colour  muft  be  white ; hence  the  body  is  faid 
to  be  white  hot. 

But  the  flames  of  phofphorus,  of  fulphur,  and 
of  fome  other  bodies  are  not  ignited,  for  if  they 
were  they  would  fhine  with  a colour  fomewhere 
betwixt  reddifh,  and  white,  for  reafons  juft 
given.  On  the  contrary,  their  colours  are  blue  : 
their  light  therefore  muft  be  emitted  on  a dif- 
ferent principle  from  that  of  ignition. 

To  underftand  the  reafon  of  this,  fuppofe  that 
either  the  inflammable  body , or  the  air,  contains  a 
quantity  of  particles  of  light ; and  that  in  the 
procefs  of  combuftion  it  is  transferred  from  the 
one  of  thofe  fubftances  to  the  other.  But  that 
the  quantity  extricated  from  the  one,  is  greater 
than  the  other  can  abforb.  That  therefore  which 
is  not  abforbed  will  appear,  or  fly  off,  under  the 
form  of  light. 

As  in  ignition  bodies  retain  the  blue  light 
moft  powerfully,  and  part  moft  eafily  with  the 
red,  and  other  particles  which  compol'e  the  lefs 
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refrangible  rays,  fo  in  combuftion  the  abforbing 
fubftance  will,  for  the  fame  reafon,  moft  ealily 
acquire  the  particles  which  compofe  the  lefs  re- 
frangible rays  j with  which  being  firft  faturated, 


the  form  of  light.  The  flame  therefore  muft 
appear  of  a llue  colour,  as.  we  find  by  experience 
to  be  the  cafe. 


From  hence  therefore  it  appears  that  light 
exifted  in  a latent  ftate,  either  in  the  air,  or  the 
inflammable  body,  as  was  mentioned  before. 


fumed  the  form  of  the  more  refrangible  or  blue- 
making rays ; and  of  courfe,  if  that  which  was 
abforbed  had  alfo  refumed  its  luminous  ftate, 
it  would  have  conftituted  thole  rays  which  are 
lefs  refrangible  *. 

It  may  be  obferved,  that  thofe  flames  which 
are  hotter  than  the  above,  as  of  tallow,  oil,  &c. 
are  alio  ignited ; and  therefore  their  colours  are  | 
compounds  of  the  lights  of  ignition  and  of  com- 
buftion. 

The  blue  light  of  the  latter  may  be  feen  at  I 
the  bottom  of  the  flame.  For  the  particles  take  1 

fome  |i 

* I fufpeft  that  what  I call  the  light  of  combuftion  comes -Jj 
from  the  inflammable  body;  and  that  it  was  chemically  combine / m 
therewith,  (as  the  fire  or  heat -was  with  the  air)  conftitutine  Jj 
its  pklagifton. 


the  others  remain  behind  as  the  fuperabundant 
particles  above  fpoken  of,  to  be  driven  off  in 


For  that  part  of  it  which  was  not  abforbed,  af- 
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fome  little  time  to  become  red  hot  ; and  there- 
fore they  do  not  begin  to  emit  the  light  of  igni- 
tion till  they  have  afcended  fome  little  way  up 
the  vapour.  When  the  flame  is  fufflciently  mi- 
nute, nothing  but  this  blue  light  is  feen. 


CHAPTER  II. 
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SOUND. 

SOUND  is  demonftrated  by  philofophers 
to  depend  on  the  air : for  if  a bell  be  (truck 
in  a veflfel  exhaufted  of  air,  it  yields  no  found. 

I have  already  (hewn  that  the  particles  of  air 
are  elaftic,  or  that  they  repel  one  another,  and 
therefore  are  kept  at  a diitance  from  each. 

If  a mufical  (bring,  ftretched  fufflciently  tight, 
be  drawn  into  a curved  figure,  and  then  let  go, 
it  caufeth  a found. 

The  found  is  occafioned  by  the  vibration  of 
the  firing,  or  motion  of  it  continually  to  and 
fro,  in  the  manner  of  a pendulum,  till  it  returns 
to  a ftate  of  reft. 


As 
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As  the  firing  moves  to  and  fro,  it  drives  the 
particles  of  air  contiguous,  a little  forward, 
Thefe  particles  urge  on  thofe  next  them,  thofe 
again  others,  and  fo  on  to  a diftance,  till  the  force 
of  the  ftroke  is  fpent.  Hence 

1.  The  efted  of  one  ftroke  or  pulfe  will  be 
propagated  to  a greater  diftance,  according  as 
that  pulle  is  ftronger.  Thus  loud  founds  are 
heard  at  a greater  diftance  than  weak  ones. 

2.  The  effed  of  a pulfe  or  ftroke,  is  propa- 
gated through  the  air  in  time,  and  the  time  is 
greater  according  to  the  diftance.  For  it  muft 
take  up  twice  the  time  for  a pulfe  to  be  propa- 
gated two  miles  than  one.  Hence  when  we  are 
at  a diftance  we  fee  an  objed  ftruck,  or  view  the 
flafh  of  a gun,  fome  time  before  we  hear  the 
found,  and  this  difference  is  greater  according 
as  we  are  at  a greater  diftance.  Sound  moves 
about  1 1 4?  feet  in  a fecond ; and  all  founds,  whe- 
ther ftrong  or  weak,  move  with  equal  lwiftnefs-, 
the  particles  of  air,  like  a pendulum,  vibrating 
in  equal  times,  whether  the  latitude  of  that  vi- 
bration be  greater  .or  lefs. 

3.  For  while  the  firing  is  going  back  after 
the  ftroke,  the  particles  of  air,  which  it  imme- 
diately impelled,  return  to  their  former  places, 
or  rather  beyond,  in  the  manner  of  a pendulum^ 
and  the  particles  beyond  thefe  do  the  fame  in  a 

continual 
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(continual  fucceflion,  according  to  their  diftance; 
fc>ut when  theftring  returns,  it  again  drives  them 
forward  as  before,  and  fo  on  alternately,  as  long 
as  the  ftring  continues  to  vibrate.  This  agita^ 
lion  is  propagated  alike  on  every  fide,  from  the 
ftring  through  the  air. 

This  realbning  however,  is  fomewhat  abftrufe. 
In  order  therefore  to  form  a clearer  idea  of  this 
matter,  drop  a ftnall  round  pebble  into  a pond 
of  water  •,  immediately  a ring,  or  circle  will  be 
feen,  propagated  from  that  point,  and  fwelling, 
or  extending  itfelf  to  a diftance.  This  ring  is 
fucceeded  by  another,  that  again  by  another,  and 
fo  continually,  till  the  effeft  ceafes.  If  inftead 
of  rings,  or  circles,  hollow'  fpheres  be  imagined 
to  flow  in  like  manner,  from  the  vibrating  ftring, 
it  will  give  a proper  idea  of  the  manner  in  which 
founds  are  propagated  through  the  air.  But  as 
air  is  above  800  times  rarer  than  water,  the  waves 
or  pulfes  of  air,  move  above  800  times  as  faft 
as  thofe  of  water.  The  founds  of  all  other  bodies 
are  caufed  by  like  vibrations  of  the  bodies, 
and  thofe  vibrations  caufe  fpherical  waves  or 
pulfes  in  the  air,  in  the  fame  manner  as  hath  been 
defcribed  of  mufjeal  ft  rings. 

Some  founds  are  more  acute  or  fhrill ; others 
lower,  or  more  grave.  Thus,  a woman  fings 
in  an  high,  fhrill  voice,  but  a man  much  deeper; 
l»r  the  difference  may  be  ftill  better  illuftrated, 

by 
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by  means  of  an  harpfichord  or  organ.  The  tre- 
ble keys,  or  thofe  on  the  right  hand,  caufe  high- 
er notes  ; and  the  bafs  keys,  or  thofe  on  the  left, 
notes  which  are  deeper;  and  there  is  a regular 
gradation  of  them,  from  the  higheit,  or  moll 
fhrill,  to  the  loweft,  or  moft  grave. 

The  ftrings  which  yield  the  high  notes  are 
fhorter,  fmaller,  and  drawn  tighter  than  thofe 
which  give  the  low  ones ; the  vibrations  of  the 
deepeft  bafs  ftrings  are  fo  flow  that  they  may  be 
feen  by  the  eye.  They  are  fwifter  as  we  approach 
towards  the  treble  ftrings,  and  in  thefe  latter, 
the  vibrations  are  fo  fwift,  that  the  eye  can  no 
longer  diftinguifh  them.  The  founds  therefore 
are  higher  in  note,  according  to  the  fwiftnefs  of 
the  vibrations  of  the  ftrings ; and  the  like  may 
be  obferved  of  the  founds  of  other  bodies.  Now 
as  every  vibration  of  the  firing  caufeth  a wave  or 
pulfe  in  the  air,  it  follows,  that  the  acutenefs  of 
the  found  is  greater,  according  as  thefe  pulfes,  or 
waves  fucceed  each  other  more  fwiftly  on  the 
ear ; or  according  as  there  are  a greater  number 
of  them  in  a given  time.  Pulfes  which  are 
twice  as  fwift  as  others,  caufe  founds  which  are 
octaves.  Pulfes  which  are  four  times  as  fwift  as 
others,  caufe  double  octaves,  and  fo  on. 

Two  founds  whofe  pulfes  fucceed  each  other, 
equally  fwift,  are  imtfons ; their  pulfes  happening 
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at  the  fame  inftant  of  time,  and  hence  an  unifon 
is  the  molt  perfect  concord  in  mufic. 

Two  founds  whofe  pulfes  are  in  fwiftnefs  as 
two  to  one,  are  oftaves.  Their  pulfes  meet  at 
every  fecond  vibration  of  the  fwifteft,  and  at 
every  vibration  of  the  flowed:.  This  therefore 
is  the  fecond  concord  in  mufic. 

Two  founds  whofe  pulfes  are  as  three  to  two, 
meet  at  every  fecond  of  the  flowed,  and  at  every 
third  of  the  fwifteft.  This  concord  is  called  a 
fifth,  and  is  the  third  and  laft  perfeft  concord. 

Sounds  whofe  pulfes  are  as  four  to  three,  as 
five  to  four,  as  fix  to  five,  &c.  are  lefs  harmo- 
nious when  founded  together,  than  the  concords, 
and  are  therefore  called  difccrds , and  they  are 
more  difcordant,  according  as  their  pulfes  meet 
lefs  frequently.  They  are  ufed  in  mufic  to  give 
a variety  to  the  concords,  which  would  other- 
wife  be  too  iufcious  for  the  ear. 

On  this  coincidence  of  pulfes  depends  ano- 
ther curious  property  of  founds.  If  two  mu- 
fical  firings  are  drawn  into  unifon  with  each 
other,  and  one  of  them  be  put  into  vibration, 
it  will  caufe  the  other  alfo  to  vibrate,  fo  as  to 
yield  a found.  This  fecond  firing  is  put  into 
vibration  by  the  pulfes  excited  in  the  air  by  the 
firft,  which  pulfes  correfpond  with  the  times  of 
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vibration  of  this  fecond  firing  5 the  found  of  £ 
flute,  the  voice,  &c.  in  unifon  with  a firing, 
would  equally  put  it  into  vibration. 

A firing  will  alfo  be  affe<5ted  in  this  manner* 
though  in  a lefs  eminent  degree,  by  a found 
which  is  an  otflave  to  it  *,  and  in  a degree  flill  lefs 
by  a found  which  is  a fifth.  But  as  the  coinci- 
dence of  the  pulles  is  not  at  every  vibration,  the 
effefl,  efpecially  in  the  latter  cafe,  is  not  confl- 
derable ; and  therefore  unifons  only  are  ufually 
Confidered  in  this  view. 

I fliewed  before,  that  light  moves  on  in  a 
right  line  •,  and  when  the  ear  is  fo  fituated,  that 
the  found  may  tome  to  it,  dire&ly  from  the 
fonorous  body  through  the  air,  the  found  is 
heard  directly  in  that  fltuation.  If  four  fonorous 
bodies  are  placed  eafl,  well,  north,  and  fouth, 
and  no  obflacle  intervenes,  their  founds  are 
heard  diredtly  in  the  lines  of  their  refpe&ive 
fituations. 

1 

I explained  likewife  that  light  is  reflected  in 
an  angle  equal  to  that  of  its  incidence,  and  the 
fame  happens  with  found.  If  a found  coming 
from  a body  be  refledted  by  a wall,  or  hill  beyond 
us,  the  original  and  reflected  founds  are  both 
heard  in  their  relpeftive  fituations.  Echoes  are 
founds  reflected  according  to  this  law. 
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There  is,  however,  this  difference  between 
light  and  found,  that  an  objecft  cannot  be  feen 
out  of  the  right  line,  or  in  the  fhade.  But  found 
being  made,  not  by  the  emiffion  of  particles  in 
right  lines,  like  light,  but  by  preflion,  or  pro- 
pagation through  a medium,  or  fluid,  which  is 
on  every  fide,-  founds  may  be  heard  out  of  the 
right  line,  or  when  the  bodies  yielding  them  are 
not  feen,  only  they  are  heard  to  lefs  advantage. 
Thus  an  echo  is  heard  moft  perfe&ly  at  the  place 
where  the  found  is  refle&ed  in  the  angle  equal  to 
that  of  its  incidence.  But  it  may  alfo  be  heard' 
in  other  places. 

When  found  paffes  through  an  hollow  tube 
of  a conical  form,  it  is  ftronger,  or  louder  at  its 
exit  through  the  fmaller  aperture,  than  it  was 
at  its  entrance  at  the  larger.  The  reafonof  this 
is  obviousfthe  found  being  condenfed  in  its  paffage 
through  the  tube.  On  this  principle,  efpecially 
when  conjoined  with  the  following,  ear-trumpets- 
are  formed ; the  founds  being  colledled  by  ther 
large  aperture  of  the  tube  and  thrown  in  a more 
condenfed  form  on  the  ear. 

When  found  paffes  through  a long  tube,  it  is' 
alfo  ftronger  at  its  exit,  than  it  was  at  its  entrance. 
For  as  light  reflected  by  mirrors  is  brighter  and 
hotter,  fo  found  reflected  by  elaftic  bodies,  is 
made  ftronger,  or  louder  than  before.  The  found 
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in  parting  through  the  tube  is  continually  reflect- 
ed by  the  Tides  thereof,  and  of  courfe  condenfed 
and  ftrengthened  in  the  axis.  Hence  fpeaking- 
trumpets,  horns,  &c.  encreafe  the  loudnefs  of 
found. 

When  founds  are  weak,  the  tympanum  has 
the  faculty  of  becoming  more  tight,  fo  as  to  re- 
ceive a Itronger  imprefiion  from  them.  On  the 
contrary,  when  the  founds  are  ftrong,  the  tym- 
panum relaxes,  fo  that  the  imprefiion  which 
they  make  on  it  may  be  lefs  violent.  This  is 
analogous  to  the  contraction  and  dilatation  of 
the  pupil  of  the  eye  in  like  circumltances. 

Diltance  is  judged  partly  by  the  faintnefs  and 
indiftinCtnefs  of  the  found,  and  partly  by  other 
means  not  yet  wholly  difcovered. 
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IF  a body  be  let  fall  in  vacuo,  it  will  defcend 
towards  the  earth  with  the  greatdt  velocity 
or  fwiftnefs  that  the  power  of  gravity  is  capable 
of  giving  it.  A feather  let  fall  in  an  exhaufted  re- 
ceiver  defcends  to  the  bottom  as  faft  as  a (hilling. 

But  if  the  feather  be  let  fall  in  a fluid,  its 
defcent  will  be  hindered,  and  that  more  accord- 
ing as  the  fluid  is  denfer ; fo  that  if  the  fluid  is 
of  equal  denfity  with  the  feather,  the  latter  will 
not  delcend  ; and  if  the  feather  be  rarer  than  the" 
fluid,  it  will,  on  the  contrary,  levitate,  or  rife 
to  the  top.  See  likewife  what  was  faid  of  lpecific 
gravity  in  the  introduction. 

A feather  and  a (hilling,  in  vacuo,  defcend 
I with  equal  velocity.  In  air  the  feather  hardly 
| defcends  at  all,  becaufe  of  its  rarity-  whereas 
the  (hilling,  being  much  denfer,  is  very  little  in- 
| terrupted  by  the  air  in  its  defcent.  But  in  quick- 
| fllver,  the  (hilling  rifes  to  the  top  as  well  as  the 
| feather,  though  with  lefs  velocity. 

O. 
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Now  the  fundamental  law  in  hydrofhtics  de- 
pends on  the  force  with  which  any  body  defcends 
in  a fluid.  In  vacuo  this  force  is  greateft  of  all-, 
in  air  ’tis  lefs ; in  water  Hill  lefs,  and  in  quick- 
filver,  or  other  denfer  fluids,  {till  lefs  than  in 
water.  The  force  of  defcent  is  called  the  weight 
of  the  body  in  the  given  fluid.  And  hence  we 
fay  that  any  body,  fuppofe  gold,  weighs  lighter 
in  air  than  in  vacuo  •,  lighter  in  water  than  in  air, 
and  lighter  in  quickfilver  than  in  water. 

If  I would  know  the  comparative  weight  of 
ivory  in  water  and  in  air,  I fallen  the  ivory  by  a 
{lender  thread  to  one  of  the  fcales  of  a balance, 
fo  as  that  it  may  hang  down  below  the  fcale  •, 
I weigh  it  in  air,  and  find  that  it  weighs  60 
grains.  I now  let  the  fufpended  ivory  down  into 
water  in  a bafon,  the  fcales  themfelves  remain- 
ing in  the  air,  and  find  that  the  ivory  weighs 
lighter  in  the  water  than  it  did  in  the  air,  the 
fcale  with  the  weights  in  it  defcending.  I there- 
fore add  weights  to  the  fcale  to  which  the  ivory 
is  fulpended,  till  the  equilibrium  is  reftored, 
and  find  that  31  grains  are  neceflary  for  that 
purpofe-,  31  fub traded  from  60,  leaves  29;  fo 
that  a piece  of  ivory,  which  in  air  weighs  60 
grains,  weighs,  in  water,  only  29. 

Solid  bodies  are  weighed  in  fluids  for  the  pur- 
pofe of  difcovering  their  fpecific  gravities.  I 
would  know,  for  example,  the  proportion  that 

the 
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the  fpecific  gravity  of  ivory  bears  to  that  of  lead. 
I take  a piece  of  each  of  them,  weighing  in  air 
exadfly  60  grains  each.  By  weighing  them  in 
water  I find  that  the  lead  lofes  51  grains,  and 
the  ivory  31  grains.  Confequently  the  fpecific 
gravity  of  lead,  is  to  that  of  ivory  as  31  to  5*., 
or  in  the  inverle  proportion  of  their  weights. 
That  is,  lead  is  above  five  times  heavier  than 
ivory.  In  this  manner  may  the  fpecific  gravities 
of  folids  be  afcertained.  If  the  lolid  to  be 
weighed  is  liable  to  bedifiblved  in  water,  it  may 
be  weighed  in  fome  other  fluid,  in  which  it  will 
not  be  diflblved.  In  oil,  fpirit  of  wine,  or 
quickfilver  for  example. 

By  this  method  the  comparative  fpecific  gra- 
vities of  folid  bodies  may  beeftimated.  Thofe 
of  liquids  may  be  difcovered  in  a manner  fome- 
what  fimilar. 

The  proportions  of  the  fpecific  gravities  of 
water,  and  oil  of  vitriol,  for  example,  are  re- 
quired. I take  a piece  of  lead,  which  in  air,  I 
find  to  weigh  455  grains.  I weigh  it  in  oil  of 
vitriol,  and  afterwards  in  water,  and  the  weights 
are  3 79>  and  414  grains.  The  lofs  of  weight  in 
the  firft  cafe  is  76,  in  the  latter  41  grains*,  thefe 
numbers  are  inverfely  as  their  fpecific  gravities ; 
and  of  courfe  the  fpecific  gravity  of  oil  of  vitriol, 
is  to  that  of  water,  as  76  to  41  ; that  is,  almoft 
twice  as  great.  It  is  by  thefe  means  that  the 
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tables  of  fpecific  gravities  of  bodies  are  conflruft- 
ed,  and  their  denfities  known. 

On  this  principle  likewife,  hydrometers  may  be 
conftru&ed,  which  are  fo  ufeful  for  difcovering  the 
purity  of  vinous  lpirits,  and  other  liquids.  If  a 
piece  of  metal,  glafs,  &c.  be  made  hollow  and 
thin,  it  will  fwim  in  a liquid  fpecifically  lighter 
than  itfelf  but  with  this  difference,  that  the 
lighter  the  liquid,  the  deeper  will  ftich  a veffel 
fink,  or  be  immerfed  therein.  Spirit  of  wine 
is  lighter,  according  as  it  is  morepure,  and  there- 
fore the  deeper  fuch  an  inftrument  links  in  it, 
the  greater  is  its  purity.  But  the  hydrometer 
moft  frequently  ufed,  is  a thin,  hollow  globe  of 
copper  ( g , fig.  25.)  with  the  handle  h.  This 
globe  is  fo  contrived  as  to  be  barely  fuftained 
in  fpirit  of  a certain  purity  or  denfity,  which 
, therefore  is  called  proof.  If  it  finks  in  a fpi- 
rit, the  fpecilic  gravity  of  the  latter  is  too  little, 
or  it  is  above  proof.  If  it  requires  an  addition  of 
weight  to  make  it  fink,  the  fpecific  gravity  of 
the  fpirit  is  too  great,  that  is,  it  is  not  fufficiently 
pure.  And  as  heat,  by  expanding  bodies,  lef- 
fens  their  fpecific  gravity,  there  are  bits  of  metal, 
or  the  like,  to  be  occafionally  fcrewed  on  to,  or 
taken  from  the  point  p,  anfwerable  to  the  degree 
of  heat,  and  the  confequent  change  of  fpecifie 
gravity  of  the  liquid. 
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ELECTRICITY. 

Electricity  is  applied  to  medical  purpofes, 
and  frequently  with  good  effeft.  I fhall 
therefore  next  proceed  to  give  the  reader  an  idea 
of  that  entertaining  branch  of  philofophy. 

Bodies  are  divided  by  writers  on  this  fcience 
into  elettrics  and  non-eleftrics . 

The  eleCtrics  are  glafs,  amber,  rofin,  fulphur, 
air,  filk,  and  certain  other  fubftances ; 

The  non-ele6trics  are  metals,  water,  the  earth, 
animal  and  vegetable  fluids,  &c. 

Electricity  is  an  exceedingly  fubtile  and  elaftic 
fluid,  which  may  be  rendered  fenflble,  by  ^its 
effeCts,  to  the  feeling,  and  other  fenfes. 

' -• ' • 1 x.; 

Electrics  are  impervious  to  the  eleCtric  fluid. 
| Non-eleCtrics  are  readily  pervaded  by  it.  For 
| this  reafon  the  latter  are  alfo  called  conduffors^ 
H the  former  rtvn-condudlors  of  electricity. 
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It  was  fhewn  in  a former  chapter,  that  diffe- 
rent bodies  have  different  capacities  for  contain- 
ing fire-,  and  that  at  the  common  temperature 
fome  bodies  retain  a greater  proportion  of  it 
than  others.  But  that  fire  has  a tendency  to  dif- 
fufe  itfelf  over  all  bodies  in  fuch  a manner  as  to 
preferve  an  equilibrium  with  regard  to  their  ca- 
pacities for  containing  it  •,  or  in  other  words,  till 
thofe  bodies  are  reftored  to  an  equal  degree  of 
fenfible  heat.  When  an  hotter  body  is  applied 
to  a colder  one,  the  former  lofes,  and  the  latter 
gains  heat,  till  the  equilibrium  between  them  is 
reftored. 

The  fame  rule  obtains  with  regard  to  electri- 
city. Some  bodies  naturally  retain  more  of  it 
than  others  f but  yet  there  is  a like  tendency 
to  an  equilibrium,  as  in  the  cafe  of  fire;  with 
this  difference,  that  whereas  it  is  fome  time  before 
the  equilibrium  is  reftored  with  refpeCl  to  heat, 
in  electricity  it  is  effected  in  an  inftant. 

The  equilibrium  is  deftroyed  by  feveral  me- 
thods ; but  that  ufually  employed  i friftion. 

■ . i 

If  glafs,  which  is  an  eleCtric,  be  rubbed  with 

leather,  a non-eleCtric,  the  part  of  the  furface  of  t 

the  \ 

f This  holds  good  not  only  with  different  bodies,  but  even 
with  the  fame  body  in  different  tt::tcs,  as  was  Ihewn  with  regard 
to  fire.  Thus  glals  is  an  elefliic  in -the  ordinary  temperature  of 
the  atmolphere,  but  if  made  hot  it  becomes  a condu&or.  Water 
is  a conduftot;  but.  if  frozen  with  a due  degree  of  cold  it  becomes 
an  elt&ric  ; and  this  is  all'o  the  caie  with  water  in  its  elaftic  ft  ate. 
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the  former  which  is  affected  by  the  fridtion,  will 
become  difpofed  to  attradl  -f-  or  receive  the  elec- 
trical fluid.  It  will  therefore  flow  from  the  lea- 
ther to  the  glafs ; and  of  courfe  from  the  non- 
eledtrics  around  to  the  leather,  in  order  to  reftore, 
the  equilibrium. 

This  encreafed  attraction,  or  difpofition  of  the 
glafs  to  receive  electricity  however,  is  but  mo- 
mentary i for  as  foon  as  the  fridtion  is  over,  it 
diminifhes ; and  the  glafs  gives  out,  by  degrees, 
the  whole  of  the  fluid  which  it  had  abforbed. 

If  feathers,  or  other  light,  non-eledtric  fub- 
ftances  be  applied  to  the  glafs  in  this  ftate,  they 
violently  attradt  its  redundant  eledtricity,  and 
therefore  the  glafs  itfelf  which  contains  it.  But 
as  the  glafs  is  heavy,  and  the  feather  light,  inftead 
of  the  former  moving  towards  the  latter,  the  fea- 
ther, as  being  molt  eafily  moved,  will  rufh  upon 
the  glafs. 

But  when  the  feather  has  taken  fo  much  elecr 
tricity  from  the  glafs,  as  that  an  equilibrium 
obtains  between  them,  they  mutually  repel  each 
other,  and  the  latter,  being  the  lighted:,  is  dri- 
ven away : nor  will  it  be  attracted  again  till  it 
has  touched  fome  other  fubffance,  to  which  it 

^ 4 may 

t The  term  attraction j though  flriftly  fpeaking  it  maybe  im- 
proper, yet  having  been  commonly  tiled  as  be’^g'moft  convenient 
01  t e comprehending  of  the  phenomena  of  elcftricitv.  js  i,ere 
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may  impart  its  acquired  electricity.  Having 
done  this,  it  is  again  attracted  by  the  glafs,  and 
afterwards  repelled,  for  the  realons  juft  given: 
and  this  happens  till  the  feather  and  glafs  have 
only  their  natural  quantities  of  electricity,  when 
the  attraction  and  repulfion  ceafe. 

To  collect  this  fluid  for  the  purpofe  of  expe- 
riments, philolophers  have  contrived  the  follow- 
ing apparatus. 

A glafs  globe  G,  (fig.  26.)  is  mounted,  and 
furnifhed  with  a rubber  R , as  in  an  electrical 
machine.  The  rubber  is  a piece  of  leather,  fluff- 
ed, and  fattened  on  a brafs  handle,  with  a fpring, 
fo  as  to  prefs  againft  the  globe.  A gun-barrel, 
or  other  non-electric  body  is  infulnted , (that  is, 
fufpended  by  filken  firings,  or  otherwife,  fo  as 
to  have  no  communication  with  any  non- electric;) 
one  end  of  it  armed  with  points,  being  at  a fmali 
diftancefrom  the  globe.  This  is  called  the  prime 
conductor  (C).  It  may  be  obferved,  that  the  rub- 
ber fhould  alfo  be  infulated,  or  fixed  upon  baked 
wood,  glafs,  or  the  like,  fo  as  not  to  be  in  ■con-r 
ta£l  with  any  other  non-electrie. 

If  the  globe  be  whirled  round  by  means  of 
the  wheel  W and  the  firing  S S,  a friction  will 
take  place  between  it  and  the  rubber,  and  it  will 
become  difpoled  to  receive  electricity ; as  men* 
tioned  before.  It  will  therefore  begin  to  draw 
the  electric  fluid  out  of  the  rubber ; but  as  the 
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parts  of  thefurface  fuccefiively  rubbed,  will  alfo 
prelently  begin  to  let  it  go  again,  it  will  be  at- 
tracted by  the  conductor  C,  and  accumulated 
thereon.  But  when  the  fluid  is  all  attracted  from 
the  rubber,  the  accumulation  on  the  conductor 
can  be  no  farther  increafed,  and  the  procefs  is  at 
a fta  nd. 

If  however,  the  rubber  be  made  to  commu- 
nicate with  the  floor,  the  earth,  or  any  other  non- 
electric, (as  might  eafily  be  done,  by  means  of  a 
metal  chain,  or  other  conducting  fubftance,)  the 
electricity  contained  in  thefe  bodies  will  flow  to 
the  rubber  to  reitore  the  equilibrium.  The 
globe  may  again  be  excited  by  friction  againft 
the  rubber.  The  operation  may  be  continued 
at  pleafure,  and  the  fluid  may  be  accumulated 
on  the  conductor  in  ftill  greater  quantity. 

It  may  at  firft  view  be  imagined  that  the  falt- 
er the  globe  is  whirled,  the  more  eleCtricity  will 
be  thrown  on  the  conductor.  But  this  will  not 
happen  when  the  velocity  of  the  rotation  exceeds 
a certain  degree,  becaufe  the  difpofition  given  to 
the  parts  rubbed,  of  abforbing  eleCtricity,  does 
not  go  off  before  thefe  parts  fuccefiively  arrive 
at  the  conductor  *,  and  to  the  efFeCt  in  queftion, 
it  is  neceflary  that  they  fliould  on  the  contrary 
have  begun  to  give  out  their  acquired  eleCtricity 
hy  that  time, 
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As  there  is  a violent  tendency  in  the  electric 
fluid  to  difperfe  itfelf  in  equilibrio  in  all  bodies, 
according  to  their  difpofitions  for  retaining  it, 
any  non-eleftric  applied  to  the  conductor,  hav- 
ing a lefs  relative  quantity  of  that  fluid,  will 
take  from  it  fo  much  of  its  eleftricity  as  to  re- 
ftore  an  equilibrium  between  them  •,  or  the  fluid 
will  rufhwith  great  violence  from  the  conduftor 
into  the  body,  in  order  to  reftore  that  equili- 
brium. 

The  human  body  is  a non-eleftric,  and  of 
courfe  this  will  alfo  be  the  cafe  with  it.  If 
the  finger,  or  any  other  part,  be  applied  to  the 
conduftor,  the  fluid  rufhes  with  great  violence 
into  that  part,  and  hence  the  uneafy  fenfation, 
or  painful  flaock  which  is  felt  on  thofe  occafions. 

If  the  perfon  Hands  on  a non-eleftric,  the 
fluid  will  pafs  thro’  the  body  into  the  floor,  &c. 

But  if  he  ftands  on  an  eleftric,  (fuppofe  refin, 
or  glafs,)  the  fluid  which  he  received  from  the 
conduftor  will  remain  in  his  body,  being  hin- 
dered from  palling  off  by  that  eleftric,  and  by 
the  air  on  every  fide  around  him,  which  is  all'o 
an  eleftric  *,  and  therefore  he  will  be  electrified 
as  well  as  the  prime  conduftor;  and  indeed  an 
human  body  thus  infulated,  or  placed  on  eleftric 
fubftances,  might  ferve  for  a prime  conduftor, 

and 
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and  receive  an  accumulated  quantity  of  electri- 
city. 

If  any  perfon  not  electrified,  or  any  non- 
eleCtric,  be  applied  to  the  perfon  thus  eleCtrifed, 
or,  which  is  the  fame  thing,  if  he  fteps  on  the 
floor,  or  touches  any  other  non-eleCtric  not  in- 
fulated,  the  fluid  will  rufh  from  him  into  that 
other  body,  the  fame  as  it  would  from  the  con- 
ductor ; and  he  will  feel  the  fame  fenfation  at 
parting  with  the  fluid  as  he  did  in  receiving  it 
from  the  conductor.  ’Tis  remarkable  that  a 
viflble  fpark,  and  a fnapping  noife  happen  on 
thefe  occaflons,  together  with  a fulphureous,  or 
phofphoreal  fmell. 

If  the  electrified  perfon  touches  another  who 
is  infulated,  or  placed  on  eleCtrics,  the  fluid  will 
not  pafs  off  entirely,  as  happens  where  the  per- 
fon, or  other  non-eleCtric  touched  is  not  elec- 
trified, but  only  half  of  the  accumulated  fluid 
will  pafs  from  the  former  into  the  latter,  or  fo 
as  to  preferve  an  equilibrium  of  the  fluid  be- 
tween them.  Both  thefe  perfons  therefore  will 
be  electrified,  but  only  half  as  much  as  the  firlt 
was  before  fuch  communication. 

When  a perfon  is  electrified,  the  fluid  may  be 
drawn  oft  from  him  at  any  part  by  applying  a 
non-eleCtric  fubftance  to  that  part.  Thus,  if  the 
finger,  knuckle,  a key,  or  the  like,  be  applied 
to  the  eye,  the  fluid  will  be  difcharged  through 
i that 
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that  organ.  If  it  be  applied  to  the  ear,  the  fluid 
will  be  difcharged  into  it  through  the  ear,  and 
fo  of  any  other  part.  Hence  in  medical  eleCtri- 
city,  we  can  drawoff*  the  fluid  through  any  part 
that  happens  to  be  afFeCted,  and  thereby  are  fre- 
quently enabled  to  do  fervice,  or  even  efFeCt  a 
cure.  The  fluid  may  alfo  be  received  into  an 
infulated  body  at  any  particular  part.  It  may 
likewife  be  made  to  enter  the  body  at  any  part, 
and  pafs  through,  or  out  of  it  at  any  other  part, 
by  letting  the  prime  conductor,  and  the  non- 
electric properly  communicate  with  thofe  parts. 
Thus,  i)f  a finger  touch  the  prime  conductor, 
and  the  toe  the  floor,  the  fluid  will  enter  the  body 
at  the  finger,  and  pafs  out  of  it  at  the  toe. 

When  the  human  body,  or  other  conductor 
contains  more  of  the  eleCtric  fluid  than  it  naturally 
would,  it  is  faid  to  be  eleCtrified  pofitively,  or  plus. 
But  if  it  be  made  to  contain  lefsof  that  fluid  than 
its  natural  quantity,  it  is  faid  to  be  eleCtrified  ne- 
gatively or  minus. 

It  was  fhewn,  for  example,  that  when  the  rub- 
ber is  infulated,  or  has  no  communication  with 
other  non-eleClrics,  the  excited  globe  prefently 
draws  away  all  the  eleCtricity  which  that  rubber 
naturally  contains,  and  which  is  again  attracted 
from  it  by  the  prime  conductor.  The  conductor 
therefore  is  eleCtrified  pofitively , or  has  more  of 
the  fluid  than  its  natural  quantity,  the  rubber  on 

the 
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the  contrary  is  electrified  negatively , or  has  lefs 
of  the  eleCtric  fluid  than  it  would  naturally  con- 
tain. From  whence  it  will  eafily  be  perceived, 
that  whereas  the  conductor  will  part  vjitbz leCtri- 
city  to  any  non-eleCtric  applied  to  it,  the  rubber 
will,  ©n  the  contrary  attract  electricity  from  fuch 
non-eleCtric ; thefe  oppofite  affeCtions  of  thofe 
bodies  being  equally  the  effeCts  of  the  tendency 
of  the  fluid  to  reftore  the  equilibrium. 

Thus,  fuppofe  three  bodies,  hot,  lukewarm, 
and  cold.  The  lukewarm  body  applied  to  the 
cold  one,  will  communicate  fire  to  it,  till  both 
become  of  an  equal  heat.  But  if  the  luke- 
warm be  applied  to  the  hot  one,  the  latter  will 
communicate  fire  to  the  former-,  and  when 
the  equilibrium  is  reftored  between  them,  they 
will  both  be  hotter  than  naturally,  as  in  the  other 
cafe  they  were  colder. 

In  like  manner,  if  the  human  body,  or  other 
non-eleCtric,  infulated , touch  the  prime  conduc- 
tor, part  of  the  fluid  will  rufh  from  the  conductor 
into  the  body,  and  they  will  both  be  electrified 
pofitively,  though  in  a lefs  degree  than  the  con- 
ductor was  before.  But  if  the  body  touch  the 
rubber,  the  eleCtricity  which  the  body  naturally 
contains,  will  on  the  contrary,  rufh  from  the 
body  to  the  rubber,  till  an  equilibrium  obtains, 
and  then  both  will  be  eleCtrified  negatively,  tho' 

in 
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in  a Ids  degree  than  the  rubber  was  previous  to 

fuch  communication. 

If  now  the  machine  be  worked,  the  globe  will 
again  attraCt  electricity  from  the  rubber,  and  the 
rubber  from  the  infulated  human  body  in  con- 
tact with  it;  the  fluid  will  be  accumulated  upon 
the  conductor;  and  this  procefs  may  be  continued 
till  all  the  electricity  which  the  body  naturally 
contains,  be  drawn  out  of  it,  when  the  procefs  will 
be  interrupted,  or  ceafe,  as  before.  The  body 
therefore  will  now  be  eleCtrified  minus , in  the 
greateft  poflible  degree,  and  will  therefore  attraCt 
the  eleCtric  fluid  with  the  greateft  violence  from 
any  non-eleCtrics  which  contain  it;  and  thus  may 
we  eleCtrify  with  the  body  in  a negative  ftate  as 
well  as  when  in  a pofitive  one;  for  whether  the 
body  receive  or  part  with  this  fluid,  the  fenfation 
and  other  effects  are  the  fame,  fo  it  be  done  in 
an  equal  degree.  It  may  likewife  be  remarked, 
that  if  the  body  be  in  a negative  ftate,  yet  if  a 
body  ftill  more  negative  be  applied  to  it,  it  will 
part  with  electricity  to  that  body  ; on  the  con- 
trary, if  it  be  in  a pofitive  ftate,  yet  if  a body 
ftill  more  pofitive  be  applied  to  it,  it  will  receive 
eleCtricity  from  that  body ; and  the  fenfation, 
and  other  effcCts  will  be  the  fame  as  if  the  diffe- 
rences, which  are  here  only  relative,  had  been 
abfolute. 

Hitherto  I have  difcourfed  only  of  fimple 
electrification.  I fliall  now  proceed  to  the  elec- 
tric 
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trie  fhock,  or  the  famous  phenomenon  of  the 
Leyden  phial. 

Let  a pane  of  glafs  be  coated,  or  covered  with 
tin-foil,  or  other  proper  non-eleCtric  matter,  fo 
as  to  leave  a fuflicient  margin  all  round,  See 
figure  27.  and  let  one  fide  of  this  coated  pane 
be  made  to  communicate  with  the  infulated 
rubber  by  means  of  a non-eleCtric,  fuppofe  a 
wire.  If  now  the  machine  be  worked,  the  globe 
will  attraCt  the  eleCtricity  from  the  rubber,  and 
the  rubber  from  that  fide  of  the  coated  glafs, 
till  it  has  taken  all  the  electricity  out  of  that  fide. 
If  a proper  communication  had  alfo  been  made 
between  the  conductor  and  the  other  fide  of  the 
glafs,  all  the  eleCtricity  that  was  in  the  firit  fide 
would  be  communicated  to  the  fecond,  fo  that 
the  firft  fide  will  be  electrified  negatively,  being 
deprived  of  its  natural  quantity  of  the  electrical 
fluid,  the  fecond  fide  pofitively,  containing  twice 
its  natural  fhare.  The  glafs  in  this  ftate  is  faid 
to  be  charged. 

Now  from  what  has  been  faid  it  will  eafily 
be  underftood  that  the  negative  fide  has  a violent 
attraction  for  its  natural  quantity  of  eleCtricity, 
and  that  the  pofitive  fide  has  as  violent  a ten- 
dency to  part  with  it  to  bodies  which  have  lefs. 
But  as  glafs  is  an  electric  fubftance,  and  there- 
fore impervious  to  eleCtricity,  the  fluid  cannot 

pafs 
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pafs  through  it  to  reftore  the  equilibrium,  nei- 
ther can  it  pafs  over  the  edges  of  the  glafs  from 
the  pofitive  fide,  on  account  of  the  margin,  for 
the  laine  reafon.  But  if  a communication  be 
made  from  one  fide  to  the  other,  by  means  of 
non -eleCtrics,  or  conductors  of  electricity,  the 
fluid  from  the  pofitive  fide  will  inftantly  rufh 
with  great  violence  through  fuch  conductors  to 
the  oppofite  fide  to  reftore  the  equilibrium 
and  if  the  human  body  be  uled  for  that  purpofe, 
the  fluid  will  in  courfe  pafs  through  it  to  the 
negative  fide  of  the  glafs.  And  as  in  its  paf- 
fage  it  gives  a very  fmart,  fudden,  and  pain- 
ful fenlation  to  the  body,  this  is  called  the 
ele civic  Jhock. 

A pane  of  glafs  however  ii.  pot  abfolutely  ne- 
ceflary  for  this  purpofe.  Any  glafs  veflel  may 
be  made  ufe  of  with  equal  effeCt,  and  a large 
phial,  or  elfe  a glafs  jar,  is  ufually  employed. 

'When  the  fhock  is  required  to  be  ftrong,  fe- 
veral  or  many  fuch  jars  are  connected  together 
by  means  of  wires,  from  their  infides  and  out- 
fldes,  terminating  in  two  rods  •,  and  the  difcharge 
is  made  by  forming  a communication  between 
them,  either  by  means  of  the  human  body,  or 
other  non- cleCtrics,  and  the  fhock  is  greater  ac- 
cording as  more  jars  are  employed ; infomuchthat 
not  only  fmafl  animals,  but  even  human  beings 
I n-ay 
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inay  be  killed  by  the  fhock  from  a fuflflcknS 
number  of  luch  jars. 

When  feveral  or  many  jars  are  employed  in 
this  manner,  it  is  called  an  electrical  battery*  and 
the  difcharge  is  called  an  explofion , the  report 
being  as  loud  as  that  of  lome  piffols. 

There  are  other  methods  of  exciting  electricity 
befides  fridion,  as,  by  heat  and  cold,  &c.  bu? 
which  do  it  on  a flmilar  principle  with  that,  vis, 
either  by  encreafmg  or  diminifhing  the  attraction 
of  the  body  for  eledricity.  But  of  late  year$ 
philofophcrs  have  difcovered  a mod  extraordi* 
nary  mode  of  acquiring  this  fluid,  for  the  difco-t 
very  of  which  we  are  indebted  to  the  illultrious 
Dr.  Franklin  ; and  this  is  the  drawing  it  down 
from  the  clouds.  For  that  great  man  has  found 
that  the  eledrical  fluid  and  lightning  are  one 
and  the  fame  matter.  That  the  clouds  ufyally 
contain  a confiderable  quantity  of  it,  that  it  might 
be  obtained  from  them  by  means  of  a ki:e,  or 
even  by  a pointed  metallic  rod,  reaching  but  a 
little  way  up  into  the  air  j and  that  this  rod,  by 
communicating  with  an  eledrical  apparatus,  will, 
when  the  air  abounds  with  eledricity,  furnifh 
it  as  well,  and  often  jn  greater  quantity,  than 

Ican  be  ordinarily  colleded  by  means  of  a globe, 
The  fame  philofopher  has  further  proved,  chat  a 
flalh  of  lightning  is  only  a greater  eledrical  fpark, 
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and  thunder  a louder  electrical  fnap  or  explofion 
than  what  are  ordinarily  produced  by  our  elec- 
trical experiments. 

Dr.  Franklin  has  farther  fhewn,  that  as  metals 
are  the  molt  perfeCt  conductors,  or  attraCt  the 
eleCtrical  fluid  more  than  other  non-eleCtric  fub- 
flances,  buildings,  fhips,  &c.  may  be  fecured 
from  damage  by  lightning,  by  means  of  {lender 
pointed  rods  made  of  thofe  fubftances,  reaching 
a little  way  above  the  higheft  part  of  the  building 
and  terminating  in  the  earth,  or  in  water.  For 
a flafh  of  lightning  falling  on  the  building  or  fliip, 
will  all  be  attracted  by  the  rod,  and  fafely  con- 
ducted into  the  earth.  By  the  fame  Ample  me- 
thod we  may  alfo  fecure  ourfelves  from  damage, 
by  lightning,  though  ever  fo  ftrong  or  violent. 

if  the  reader  is  denrous  of  further  acquaint- 
ance with  this  very  entertaining  branch  of  fcience, 
he  is  referred  toDr. Prieftley’s  celebrated  hiftory 
of  eleCtricity  or  to  Mr.  Cavallo’s  and  Lord 
Mahon’s  performances ; in  which  works  he  wiil 
find  all  that  is  yet  known  on  the  iubjeCt. 

i 

EleCtricity  has  long  been  applied  to  medical 
purpofes,  and  often  with  good  efFeCt.  The  di- 
forders  relievableby  it  are  chiefly  thofe  fuppofed 
to  a rife  from  obftruCtions  in  the  nerves  ; as  pal- 

fes,  oetta  ferena,  epilepfies,  and  the  like.  Rheu- 
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matifms,  and  other  fimilar  complaints  have  allb 
been  cured  by  it. 

The  method  of  application  in  topical  cafes, 
is  either  by  firft  electrifying  the  patient,  and  then 
drawing  off  fpark.s  from  the  part;  or  elfe  by  dis- 
charging the  electrical  fhock  through  it.  It  is 
molt  prudent  to  try  the  former  method  firft.  If 
that  fails,  the  latter  may  be  had  recourfe  to  ; and 
in  obftinate  cafes  the  ftrength  and  frequency  of 
the  fnocks  may  be  diferetionally  encreafed. 

The  eleCtric  fluid  has  the  effect  of  a jlirnulus  on 
the  body;  for  when  a perfon  is  ftrongly  electrified, 
the  momentum  of  the  blood,  and  perfpiratjon 
are  encreafed.  From  a knowledge  of  this  pro- 
perty of  eleCtricity,  we  may  frequently  be  enabled 
to  judge  a priori,  in  what  cafes  it  is  likely  to  be 
of  ufe. 

Violent  fliocks  fhould  be  adminiftered  with 
caution;  but  there  can  feldom  any  injury  arife 
from  gentle,  continued  electrification  ; and  much 
good  may  be  expefited  from  a prudent  ufe  of  if*, 

* See  Mr.  Cavallo's  treatife  on  madlcil  eie&ricity,  and  Dr, 
J?ritftley’s  hiftory. 
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PART  III. 

PHYSIOLOGY. 


INTRODUCTION. 

AN  human  body  may  be  defined  to  be  <c  a 
“ machine  compofed  of  bones  and  mufcles, 
“ with  their  proper  appendages,  for  the  purpofe 
“ of  motion  at  the  inftance  of  its  intelligent  prin- 
“ciple-,  from  this  principle  nerves,  or  inftru- 
“ ments  of  fenfation,  are  likewife  detached  to 
“ the  various  parts  Of  the  body,  for  fuch  infor- 
u mation  as  may  be  neceffary  for  determining  it 
“ to  thofe  motions  of  the  body  which  may  be 
“ moft  conducive  to  the  happinefs  of  the  former, 
“ and  prefervation  of  both.” 

The  reader  may  ob’]e6t,  that  the  body  confifts 
of  other  parts  befides  bones,  mufcles,  and  nerves  j 
and  may  wonder  that  they  were  omitted  in  the 
definition  : But  all  the  other  parts,  as  well  as 

functions  of  the  body,  feem  to  be  only  fubfer- 
vient  to  the  purpofes  which  the  definition  ex- 
p relies : For, 
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1.  The  mufcles  which  are  neceffary  to  the 
motions  of  the  body  are  from  the  nature  of  their 
constitution  fubjedt  to  continual  wafte,  which 
therefore  is  to  be  repaired  by  means  of  fome  of 
thefe. 

2.  Moil  of  the  other  parts  and  functions  of 
the  body  are  either  neceffary  to  the  adtion  of  the 
mufcles,  or  to  the  operation  of  the  intelligent 
principle,  or  both ; and 

3.  From  the  fenfibility,  and  delicate  ftrudture 
of  the  parts,  they  require  to  be  defended  from 
external  injuries. 

To  illuftrate  this  it  may  be  obferved, 

1.  That  the  ftomach  and  digeftive  faculties 
aflimilate  the  food  which  is  taken  to  repair  the 
continual  wafte ; and  the  circulation,  beftdes  be- 
ing abfoluteiy  neceffary  to  the  adtion  of  the 
mufcles,  as  will  appear,  diftributes  this  nourifh- 
ment  to  the  feveral  parts  of  the  body.  The 
glands  feparate  liquors  from  the  blood  for  thefe 
ufeful  fubfcrvient  purpofes.  Thus,  the  liver, 
the  pancreas,  and  other  glands,  feparate  juices 
neceffary  to  the  proper  digeftion  and  affimilation 
of  the  food.  The  kidneys  (train  oft  the  ufelefs 
and  fuperfluous  water,  falts,  &c.  which  other- 
wile,  by  remhining  in  the  body,  would  bff  inju- 
rious to  it.  The  brain  is  fuppofed  to  feparate  a 
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fluid  for  the  purpofes  of  lenfe  and  motion.  And 
do  of  other  parts. 

2.  The  nerves  are  not  only  the  inftruments  of 
feniation*  but  his  immediately  by  their  means 
that -the  mufcles  are  moved.  To  the  motion  of 
the  voluntary  mufcles,  the  motion  of  rhe  blood, 
and  of  courfe  the  vital  motions  of  the  fyftem  alfo 
are  neceffary  •,  for  as  the  mufcles  cannot  be  moved 
but  by  means  of  the  nerves,  fo  neither  can  they 
if  the  blood  does  not  flow  through  them.  A cer- 
tain  degree  of  heat  is  neceffary  to  keep  the  blood 
fluid,  and  alfo  to  the  a&ion  of  the  nerves,  with- 
out either  of  which,  motion  could  not  be  per- 
formed. Breathing  is  fo  neceffary  to  life,  that  it 
cannot  exilt  even  a few  minutes  without  the  ex- 
ercife  of  that  function  j and  yet  the  ufe  of  refpi- 
ration,  whereby  it  becomes  fo  neceffary  to  life, 
feems  to  be  to  keep  the  body  in  a proper  Hate 
for  the  purpofes  of  mufcular  motion,  &c. 

The  fkin,  like  a fheath,  ferves  to  defend  the 
body  from  injuries.  The  Ikull  ferves  for  the  fame 
purpofe  to  the  brain,  and  the  ribs  to  the  heart. 
The  membranes  fe  par  ate  the  mufcles,  fibres,  &c. 
from  each  other ; and  lornething  fimilar  may  be 
obferved  of  the  other  parts  of  the  body. 

The  parts  of  generation  may  indeed  at  flift 
view  be  confidered  as  an  obje&ion  ; but  when  we 
reflect  that  pleafure  is  the  only  end  which  is  had 
in  view  by  fruition,  the  objection  will  be  found 
of  no  moment; 
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npHE  bones  ferve  to  give  firmnefs 
**"  to  the  body. 


and  lhape 


Some  of  them  ferve  like  wife  for  defence. 
Thus,  the  fkull  defends  the  brain,  and  the  ribs 
the  heart,  as  before  obferved. 

But  they  have  alfo  a' more  important  ufe;  for 
it  is  by  the  mufcles  moving  the  bones,  that  the 
various  motions  of  the  limbs,  and  other  parts  of 
the  body  are  performed. 

The  whole  fyftem  of  bones  (called  a Jkeleton ,) 
is  conftructed  of  many  parts,  of  different  lbapes, 
and  fizesj  joining  with  one  another  in  various 
manners,  and  fo  knit  together,  as  beft  to  anfwer 

to  the  motions  which  the  occafions  of  the  animal 
might  require. 

The  mufcles  move  thofe  bones  at  the  com- 
mand of  the  will,  or  otherwife,  by  contracting 
Lheir  len8ths*  Imagine  two  bones  knit  togeth  er, 
° *s.  t0  be  m°veable,  and  that  two  equal 
mufcles  are  affixed  to  them,  one  on  each  fide. 

P 4 Thefe 
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Thefe  mufcles  may  be  either  fhortened,  or 
lengthened or,  to  fpeak  in  the  language  of 
anatomifts,  contracted,  or  relaxed.  If  the  wi 
a£ts  on  the  right  hand  mufcle,  it  will  contra 
and  bend  the  bones  to  the  right.  If  the  wil 
a£ts  on  the  left  hand  mufcle,  it  wil  contract, 
and  thereby  bend  the  bones  to  the  left. 

■when  neither  mufcle  is  more  contracted  than 
the  other,  the  bones  remain  ftrait. 

Mufcles  in  general,  at  lead  thofe  which  ferve 
for  voluntary  motion,  are  balanced  by  antaS° 
nifts,  as  in  the  inftance  juft  defcnbed.  y 1 's 
means  they  are  kept  beyond  their  natura  ftretch. 
When  one  is  contracted  by  the  will,  the  othei 
relaxes,  in  order  to  give  it  play,  or  at  leaft  is  more 
eafily  overpowered  by  the  contradion  of  its  anta- 
<ronift.  Alfo  when  one  of  fuch  mufcles  happens 
to  be  paralytic,  or  deftroyed,  the  other  being 
no  longer  balanced  or  kept  on  the  ftretch,  im- 
mediately contrafts  into  its  natural  length  and 
remains  in  that  fituation.  The  part  to  which  ,t 
1S  fired  will  in  courfe  be  affefted  accordingly. 
If  one  of  the  mufcles  which  move  the  mouth 
fi deways  be  deftroyed,  the  other  immediately  re- 
laxing,  draws  the  mouth  awry,  and  in  that  li- 
tuation  it  remains.  The  like  may  be  obferved 
of  the  leg,  the  arm,  and  other  parts.  Some 
mufcles  affift  one  another  in  their  action  ; an 
others  have  different  aftions,  according  to  their 
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jfhapes,  the  courfe  of  their  fibres,  and  the  ftruc- 
tvireof  the  parts  which  they  move. 

According  to  the  fhape  and  nature  of  the  bones 
to  be  moved,  and  of  the  motions  to  be  performed, 
the  mufclesare  either  long,  orfhort,  fiender,  or 
bulky ; fir  ait,  or  round,  &c.  Where  a great 
motion  is  required,  as  of  the  leg,  or  arm,  the 
mufcles  are  long  •,  where  a fmall  motion  is  re- 
quired, the  mufcles  are  Ihort,  for  a ftrong  mo* 
tion  they  are  thick,  and  for  a weak  one  fiender. 
For  a dire  ft  motion,  the  mufcles  are  ftrait;  for 
an  orbicular  motion,  circular,  as  in  the  fphinders 
of  the  anus,  and  bladder. 

Alfo  fome  of  thefe  mufcles  are  faftened  to,  and 
move  bones,  others  cartilages  and  others  again 
other  mufcles,  according  as  may  beft  fuit  the 
intention  to  be  anfwered. 

1 

Some  of  the  mufcles  terminate  at  both  extre- 
mities  in  tendons,  others  only  at  one  end,  and 
others  again  at  neither,  for  a fimilar  raafon. 

Each  niufcle  is  furnifiied  with  a nerve,  an  ar- 
tery, and  a vein ; all  of  which  are  necefiary  to 
its  action,  as  has  been  proved  by  a variety  of 
experiments. 

As  a particular  defeription  of  the  parts  does  not 
«?ome  either  within  the  limits,  or  the  plan  of  this 

work, 
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work.,  the  reader,  not  yet  acquainted  with  thefe 
matters,  is  referred  to  anatomical  authors  who 
treat  profeffedly  on  them  *. 

CHAPTER  II. 

OF  THE  MOVING  FIBRES. 

FT^HE  fibres  may  be  confidered  as  the  com- 

JL  ponent  parts  of  the  folids ; and  they  are 
denominated  according  to  the  parts  which  they 
compofe.  Thus  the  fibres  which  compofe  the 
nuifdes  are  called  mufcular  fibres.  ' Thofe  which 
compofe  the  membranes,  membranous  fibres  •, 
and  fo  of  ethers.  But  the  former  are  the  only 
ones  which  we  fliall  have  occafion  to  confider  in 
this  difeourfe,  and  they  may  be  called  moving 
jibres. 

When  a fibre  is  drawn  out  into  a greater  length 
than  naturally,  it  has  an  endeavour  to  contradt. 

On  the  contrary,  the  nerves  have  a power  of, 
contradling  thofe  fibres,  or  making  them  be- 
come fhorter  than  naturally  •,  but  when  the  in- 
fluence of  the  nerve  ceafes,  the  fibres  become 
capable  of  returning  to  their  ufual  length. 

Whatever  irritates  the  fibres  occafions  this  in- 
fluence of  the  nerves  on  them. 

* See  Dr.  Simmon’s  Elements  of  Anatomy,  &c. 

Some 
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Some  fibres  while  in  the  living  body  are  more 
irritable  than  others,  or  they  contract  more 
forcibly  with-the  fame  degree  of  famulus.  The 
fibres  which  compofe  the  heart  are  more  irritable 
than  thofe  which  compofe  the  mufcles  moving 
the  limbs ; this  was  requifite,  becaufe  a greater 
and  more  conftant  motion  is  required  in  the 
heart  than  in  the  mufcles  laft  mentioned. 

Some  of  thofe  fibres  are  alfo  more  fenfible,  or 
endued  with  a greater  degree  of  feeling,  than 
others.  But  the  feeling  is  not  always  propor- 
tionable to  the  degree  of  irritability.  The  heart, 
though  more  irritable  than  the  mufcles  of  the 
limbs,  is  lefs  fenfible.  This  alfo  was  neceflary, 
for  if  the  heart  was  very  fenfible,  its  labour -in 
circulating  the  blood  would  be  fo  painful  as  to 
be  intolerable  ; whereas  now  it  is  never  felt,  un~ 
lefs  on  particular  occafions. 

The  fibres  have  alfo  an  elafiicity^  which  is  dif- 
ferent from  the  irritability  deferibed  ; and  re- 
mains after  the  latter  is  deilroyed.  The  elafti- 
city  is  of  ufe  to  their  adtion.  When  they  are 
diftended,  the  elafticity  helps  to  contract  them  j 
and  contrariwife, 

l 

The  red  colour  of  mufcular  fibres  depends  on 
the  blood.  If  that  be  wafhed  out,  the  fibres  are 
then  white. 


If 
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If  fibres  are  too  much  diftended,  their  con- 
tractible powers  are  either  deftroyed  or  weak- 
ened; and  if  they  are  only  impaired,  fome  time 
is  required  to  reflore  them  to  their  proper  Hate; 
and  m iome  cafes  even  this  is  impracticable,  the 
mifehief  continuing  for  life.  This  is  the  caufe 
of  fome  of  thole  melancholy  diforders  which  are 
improperly  called  nervous ; and  of  others. 

As  on  the  action  of  the  fibres  the  functions , fo 
on  the  Hate  of  the  fibres  the  conftitution , of  the 
body  feems  to  depend.  If  the  fibres  are  ftrong, 
the  individual  is  ftrong ; if  weak,  he  is  feeble. 
If  the  fibres  are  very'  irritable,  he  is  paftionate ; 
if  the  contrary,  inactive  and  dull.  In  health 
the  fibres  are  ftronger  than  after  illnefs.  Their 
Hate  depends  alfo  very  much  on  that  of  the 
atmofphere.  If  the  atmofphere  is  heavy,  cold, 
and  dry,  the  fibres  are  elaftic  and  ftrong.  If 
light,  hot,  and  moift,  the  contrary.  Mode- 
rate cold  ftrengthens  or  braces  up  thefe  fibres ; 
but  excefs  of  heat  weakens  them.  Hence  heat 
^gnakes  us  feeble  and  faint;  cold  the  reverie. 
From  knowing  the  ftate  of  the  fibres  we  are 
directed  to  apply  the  luitable  remedies.  If  they 
are  relaxed,  bracing  and  ftimulating  remedies 
are  indicated ; but  if  too  tenfe,  thofe  of  a com* 
trary  nature. 


CHAP- 
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C II  A P T E R III. 

OF  THE  BRAIN  AND  NERVES. 

II E brain  is  the  feat  of  the  intelligent 


principle.  From  that  principle  nerves 
ferving  for  fenfation  are  fent  off  to  every  part  of 
the  body,  to  receive  the  necdfary  information 
of  the  Hate  of  the  body  itfelf,  and  of  things 
without. 

Another  fet  of  nerves  are  detached  to  the 
mufcles,  or  thofe  parts  which  are  to  ferve  for 
the  motions  of  the  body  at  the  inftanee  of  the 
will.  Thofe  two  fets  of  nerves  feem  to  be  dif- 
ferent, becaule  fenfation  may  be  loft  in  a part, 
yet  motion  remain, 

A third  fet  of  nerves  ferve  for  the  merely  in- 
voluntary or  vital  motions  of  the  fyftem,  and  do 
not  appear  to  have  any  connection  with  the  in- 
telligent principle.  They  perform  their  offices 
continually,  in  lleeping,  as  well  as  waking ; but 
the  others  in  waking  only. 

By  thefe  the  fibres  and  parts  feem  to  be  recruit- 
ed, or  nouriflied,  in  conjunction  with  the  blood; 
for  nutrition  is  chiefly  performed  in  fleep,  when 
the  other  nerves  are  inactive;  and  it  is  well  known. 


that 
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that  if  the  nerve  be  deftroyed,  the  part  which  it 
ferves  waftes,  notwithftanding  that  the  blood  and 
lymph  flow  through  it  as  ufual. 

The  heat  of  the  body  feems  alfo  to  depend 
either  wholly,  or  chiefly,  on  this  fet  of  nerves  ; 
for  it  is  nearly  as  great  in  fleep  as  in  waking, 
though  then  thefe  nerves  only  aft;  and  yet  if  a 
nerve  be  deftroyed,  the  part  which  it  ferves  be- 
comes cold,  notwithftanding  that  the  blood  con- 
tinues to  circulate  through  it  f. 

That  the  heat  of  the  blood  does  not  depend 
on  the  nerves  which  ferve  for  fenfation  is  plain, 
becaufe  heat  continues  in  fleep,  when  they  are 
inaftive ; alfo  a part  which  has  loft  its  feeling, 
but  retains  its  motion,  does  not  always  lofe  its 
heat. 

As  the  nerves  ferve  for  motion  and  fenfation, 
any  obftruftion,  or  compreflion  of  them,  will 
occafion  palfy  of  the  part  or  parts  which  they 
ferve;  that  is,  it  will  occafion  either  lofs  of  fenfe, 
or  motion,  or  both,  according  to  the  nature  of 
the  injury.  Thus,  the  optic  nerve  being  com- 
prefifed,  blindnefs  enfues ; and  the  nerves  of  the 
leg,  lofs  of  motion  of  that  part.  By  deftroying 
the  nerve,  nutrition  and  animal  heat  will  alfo  be 
injured,  as  hath  already  been  obferved.  Buc 
the  diforders  commonly  called  nervous , leem  to 

-j-  See  Dr.  Oaverhill’s  Experiments  on  animal  heat. 
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proceed  for  the  moft  part  from  injuries  of  the 
moving  fibres,  as  mentioned  in  the  laft  chapter. 


CHAPTER  IV. 


OF  THE  CIRCULATION  OF  THE  BlOOD. 


rr*YHE  circulation  of  the  blood  was  unknown 
JL  till  about  150  years  ago,  when  it  was 
difcovered  by  a countryman  of  our  own,  the 
celebrated  Dr.  Harvey.  For  this  great  difco- 
very,  fiatues  are  juftly  erefted,  and  orations 
yearly  pronounced  in  his  honour. 


"With  refpefl  to  the  circulation  of  the  blood, 
the  body  muft  be  confidered  as  diftinguiflied 
into  two  portions,  the  lungs,  and.  the  other  parts. 


The  heart  is  the  power,  or  mechanical  caufe 
by  Which  the  blood  is  circulated.  From  the 
right  ventricle  of  the  heart  there  iffues  a large 
artery,  called  the  pulmonary  artery ; which  goes 
to  the  lungs,  and  is  there  divided  and  lubdivided 
into  a vail  number  of  branches,  too  fmall  to  be 
vifrble.  The  ultimate  ramifications  of  thefe 
branches  mav  be  confidered  as  uniting  a< p-ain  into 
larger  branches-,  thefe  again  into  branches  ftili 
larger,  and  lb  on  continually,  till  at  laft  they 

form 
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form  only  one  large  pipe,  called  the  pulmonary 

vein,  which  is  inferted  into  the  left  auricle  of  the 
heart. 

From  the  left  ventricle  there  iffues  another 
large  artery  called  the  aorta,  which  in  its  paffage 
fends  off  branches  to  the  arms,  legs,  head,  and 
every  other  part  of  the  body.  Thele  branches, 
in  the  courfe  of  their  progrefs,  are  divided  and 
fubdivided  into  innumerable  invjfible  branches, 
as  was  mentioned  of  the  pulmonary  artery  j and 
their  lail  ramifications  may  alio  be  confidered  as 
reuniting  into  branches  continually  larger  and 
larger,  till  at  length  they  form  only-one  great 
pipe,  called  the  vena  cava,  which  is  inferred  in 
the  right  auricle  of  the  heart. 

Now  the  blood  is  driven  out  of  the  right  ven- 
tricle of  the  heart  into  the  pulmonary  artery, 
and  to  all  the  branches  of  that  artery  which  are 
difperfed  through  every  part  of  the  lungs.  From 
thefe  it  pafles  into  the  branches  of  the  veins ; 
and  from  all  thefe  branches  at  length  into  the 
pulmonary  vein  itfelf,  which  empties  it  into  the 
left  auricle  of  the  heart.  This  may  be  called 
the  firft  ftage  of  its  circulation. 

From  the  left  auricle  it  paJffes  into  the  left 
ventricle  j from  thence  it  is  driven  into  the  aorta, 
or  great  artery,  and  into  all  its  branches  in  every 
part  of  the  body.  From  the  ramifications  of 
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thefe  arteries  it  pn fifes  into  thofe  of  the  veins ; 
from  thefe  into  larger  branches,  and  i'o  on  by 
degrees  till  at  length  it  arrives  at  the  vena  cava, 
which  empties  it  into  the  right  auricle  of  the 
heart.  This  is  the  fecond  itage  of  its  circular 
tion. 

But  from  the  right  auricle  it  pafles  again  into 
the  right  ventricle,  from  thence,  as  before,  fucr 
ceffively  to  the  pulmonary  artery,  the  pulmo- 
nary vein,  the  left  auricle,  the  left  ventricle, 
the  aorta,  and  vena  cava,  and  lo  on  in  a per- 
petual round,  which  therefore  is  called  the  cir- 
culation of  the  blood. 

The  blood  however  does  not  flow  out  of  the 
heart  into  the  arteries  continually,  butbypulfes 
or  fits*  when  the  ventricles  are  filed  with  blood 
from  the  auricles,  the  blood  ftimulates  them ; and 
thereby  occafions  them  to  contract ; by  fuch  con- 
traction they  force  the  blood  which  they  contain 
into  the  arteries.  This  contraction  is  called  the 
fyftole  of  the  heart.  As  foon  as  they  have  finifhed 
their  contraction  they  relax,  and  are  again  filled 
with  blood  from  the  auricles,  and  this  Hate  of 
the  heart  is  called  its  diaftole . The  fyftole  and 
diaftole  of  the  heart  therefore  continue  on  alter- 
nately, and  hence  th t pulfation  or  beating  of  the 
heart. 
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The  arteries  muft  of  courfe  have  the  like  puT 
fation ; the  blood  being  driven  into  them  only 
by  Harts,  and  accordingly  we  find  it  in  the  ar- 
tery of  the  wrift,  called  the  pulfe  •,  the  like  may 
alfo  be  obferved  in  thofe  of  the  temples,  and 
other  parts  of  the  body.  But  we  may  likewife 
obferve  that  the  veins  do  not  beat ; the  blood 
flowing  on  through  them  in  an  uninterrupted 
courfe-,  its  pulfe,  by  the  time  that  it  has  pafled 
through  fuch  an  infinite  number  of  fmall 
branches,  into  larger  ones,  being  entirely  broken, 
and  deflroyed. 

The  two  ventricles  therefore  contract  and 
drive  out  the  blood  into  their  refpe&ive  arteries 
both  at  the  fame  time.  The  two  auricles  like- 
wife contract  and  drive  their  blood  into  the  ven- 

% • 

tricles  at  the  fame  time  ; and  hence  you  will 
alio  perceive  that  the  ventricles  contract  and 
empty  themfeivet  while  the  auricles  are  relaxing 
and  receiving  blood  from  their  refpecftive  veins ; 
and  contrariwife;  fo  that  their  action  is  alternate. 

The  heart  is  a mere  mufcle,  as  hath  already 
been  obferved.  The  fibres  of  which  it  is  com- 
pofed  are  conftrufted  into  auricles  and  ventricles, 
for  the  purpofe  of  receiving  and  expelling  the 
blood.  The  coats  of  the  arteries  are  furnifhed 
with  mufcular  fibres,  encompafiing  them  circu- 
ity j confequently  when  the  arteries  are  dilated 

by 
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by  the  blood  driven  into  them  from  the  heart, 
they  will  contract  again,  and  thereby  help  to 
drive  forward  the  blood.  The  veins  likewife 
have  this  contractile  faculty,  though  in  a lefs 
degree  than  the  arteries,  as  having  lefs  need  of 
it.  And  they  are  befides  furnifhed  with  valves, 
which  hinder  the  blood  from  flowing  back  into 
the  arteries,  though  they  lef  it  pafs  on  freely  to 
the  heart ; the  latter  direction  of  the  blood’s 
motion  opening,  the  former  fhutting  thofe  valves. 

From  this  account  of  the  blood’s  circulation 
it  will  eafily  be  feen  that  it  moves  in  a diredt 
contrary  courfe  in  the  arteries  to  what  it  does  in 
the  veins  ; in  the  latter  it  pafles  towards , and  in 
the  former  from  the  heart.  We  have  an  eafy 
proof  of  this  in  the  common  operation  of  blood- 
letting. When  we  have  tied  up  the  arm,  we  do 
not  make  the  orifice  above  the  ligature,  or  next 
to  the  heart,  but  below  it.  If  the  vein  were 
opened  above  the  ligature  it  would  not  bleed. 
For  it  only  fwellsnext  to  the  hand;  which  fliews 
that  the  blood  does  not  flow  into  the  vein  from 
the  heart,  but  from  the  hand. 

It  may  alfo  have  been  obferved  that  if  the 
ligature  be  too  tight,  the  blood  will  not  flow. 

1 he  reafon  of  this  is,  that  the  artery  is  com- 
preflfed  in  this  cafe,  as  well  as  the  vein.  And 
as  the  veins  derive  their  blood  from  the  arteries, 
it  follows,  that  if  the  blood’s  motion  be  hindered 
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in  the  latter,  none  can  flow  from  them  into  the 
fornfer.  T he  ligature  therefore  muft  be  only  fo 
moderately  tight  as  to  comprels  the  veins,  leaving 
the  arteries,  which  are  fituated  deeper,  free. 
Hence  alfo  it  may  be  perceived  that  the  blood 
really  pafles  from  the  arteries  into  the  veins,  as 
was  deftribed;  and  that  if  an  artery  is  to  be 
opened,  the  orifice  muft  be  made  above  the  liga- 
ture, becaufe  the  blood  flows  into  the  artery  im- 
mediately from  the  heart,  and  therefore  only 
fwells  on  that  fide  of  the  ligature. 

•/  ■ . 1 i 

It  may  feem  ftrange  that  thefe  particulars 
concerning  bleeding  had  been  obferved  by  every 
phlebotomift,  and  known  to  almoft  every  medi- 
cal pradtitioner  for  above  2000  years  ; and  yet 
that  none  of  them  fhould  have  had  the  fagacity  to 
infer  that  the  blood  circulates,  till  it  occurred  to 
our  own  countryman  before  mentioned.  When  a 
thing  is  known,  we  wonder  how  it  could  pof- 
fibly  have  efcaped  our  notice;  though  before, 
the  utmoft  exertion  of  the  human  faculties 
Teemed  unequal  to  the  difeovery. 

Each  ventricle  of  the  heart  is  concluded  to  ex- 
pel at  leaft  an  ounce  of  blood  at  a time,  and 
there  are  about  4000  pulfations  of  the  heart  in 
an  hour.  If  we  fuppofe  the  quantity  of  blood 
circulating  in  an  human  adult  to  be  16  pounds, 
the  whole  mafs  will  circulate  many  times  in  the 

courle 
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courfe  of  an  hour;  efpecially  when  the  pulfe , is 
quickened  by  a fever. 

In  the  preceding  account  I faid,  for  perfpi- 
cuity’s  fake,  that  the  laft  branches  of  the  arteries 
run  into  thofe  of  the  veins.  But  it  is  now  the 
opinion  of  anatomifts,  that  the  arteries  carry  the 
blood  to  the  parts  to  nourifh  them,  and  that 
the  veins  abforb,  or  fuck  up  what  is  iuperfluous, 
and  return  it  back  to  the  heart. 

As  the  blood  is  circulated  by  pulfes,  or  Harts, 
thefe  pulfations  form  the  grand  index  to  phyfi- 
cians  with  regard  to  the  health  of  the  body.  If 
the  pulfe  be  full  and  ftrong,  a plethora  and  in- 
creafed  a&ion  of  the  fibres  are  indicated:  If  weak 
and  feeble,  the  contrary.  If  quick,  a fever;  if 
flow,  the  reverfe.  From  a variety  of  other  dif- 
ferences in  the  pulfe,  which  are  defcribed  by 
medical  writers,  and  which  are  better  underftood 
by  practice  and  obfervation,  a number  of  parti- 
culars refpetting  the  Hate  of  the  fluids  and  folids 
may  be  obtained,  from  which  the  proper  methods 
of  cure  are  inferred,  and  which  are  of  important 
ufe  in  the  praftice  of  phyfic. 


Q*  CHAP: 
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CHAPTER  V. 


OF  THE  LYMPHATICS. 

INTO  the  various  cells  and  cavities  of  the 
body  a thin  tranfparent  liquor  is  poured  by 
the  extremities  of  the  arteries,  called  by  anato- 
mifts  lymph.  Its  ufe  is  to  moiften  and  lubricate 
the  parts,  for  which  purpofe,  by  its  foft  gela- 
tinous nature,  it  is  well  calculated.  It  feems 
alfo  to  contribute  to  nutrition.  1 his  fluid  is 
abforbed  from  thofe  cavities  by  a fet  of  veffels 
called  lymphatics. 

Thefe  veffels  are  very  minute,  and  pellucid  •, 
and  abforb  the  lymph  on  the  fame  principle  as 
fmall  glafs  tubes  fuck  up  water.  If  a (lender 
glafs  tube  be  placed  in  water,  the  furface  of  the 
water  in  the  tube  will  be  higher  than  that  of  the 
water  without  the  tube  •,  and  this  difference  will 
be  Greater  as  the  tube  is  of  lefs  diameter.  This 
phenomenon  depends  on  the  attra&ion  between 
the  water,  and  the  inner  furface  of  the  tube. 

The  cafe  is  the  fame  with  the  lymphatics. 
But  thefe  are  alfo  furmfhed  with  valves,  which 
fuffcr  the  fluid  to  go  forwards,  but  hinder  it 
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from  returning.  The  lymph,  when  abforbed  as 
above,  is  afterwards  urged  forward  by  the  muf- 
cular  coats  of  thefe  veflels  in  lik\\nanner  as  hath 
been  fhewn  with  regard  to  the  inteftines,  and 
blood  velTels. 

The  lymphatics  from  all  parts  of  the  body 
direft  their  courfe  towards  the  fame  part  with 
the  latteals  or  chyle  vejfels , already  fpoken  of  j 
with  which  they  form  one  general  fyftem  of  ab- 
sorbents. The  lymph  is  poured,  together  with 
the  chyle,  into  the  left  fubclavian  vein,  where 
they  mix  with  the  blood. 

If  through  weaknefs,  or  other  caufe,  the 
lymphatics  do  not  fufficiently  abforb  the  lymph, 
dropfies  are  the  confequence ; and  the  like  hap- 
pens when  thefe  veflels  are  ruptured. 

When  mercurial  ointment  is  rubbed  upon  the 
lkin,  the  mercury  is  abforbed  and  conveyed  into 
the  fyftem,  as  appears  by  the  falivation  which 
takes  place  on  thole  occafions.  The  absorption 
is  made  by  the  lymphatics.  Other  fubftances 
are  alfo  capable  of  being  abforbed  by  thefe 
Veflels,  when  properly  applied  to  the  fkin. 

Both  the  lymph  and  chyle  pafs  thro’  lympha- 
tic glands  in  their  courfe  to  the  fubclavian  vein. 
But  for  what  reafon  is  not  yet  known. 
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CHAPTER  VI. 

OF  THE  PRIMA  VIA,  AND  ALIMENT. 

THE  human  machine  is  formed  on  fuch 
principles  that  it  cannot  continue  alive 
unlefs  it  be  occafionally  recruited  by  means  of 
food.  The  principles  on  which  it  is  conftrufted 
require  that  a very  confiderable  portion  of  fluids 
lhould  be  continually  palling  off  by  perfpiration, 
through  invifible  pores,  in  every  part  of  the  fur- 
face  of  the  body.  This  evaporation  may  be  ren- 
dered fenfible  by  violent  exerciie  or  heat;  when 
it  appears  in  the  form  of  fweat.  From  the  lungs 
it  is  ordinarily  fo  copious  as  to  be  vifible  to  the 
eye,  efpecially  in  cold  weather ; they  who  have 
had  the  c^irioflty  to  weigh  themfelves,  have  found 
that  the  greateft  part  of  what  is  ate  and  drank 
pafles  off  in  this  manner. 

The  ufe  of  food  is  to  recruit  this  Continual  ! 
wafte.  But  part  of  what  weufually  eat  will  not 
ferve  for  this  purpofe.  What  is  ufeful  therefore 
is  ext  rafted  from  it;  and  the  remainder  call  out 
of  the  body  by  ftool  and  by  urine,  as  will  be 
fliewn. 
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If  the  animal  fabpc  could  have  been  formed 
in  fuch  a manner  as  that  the  fame  fluids  would 
have  ferved  always,  as  there  would  then  have 
been  no  wafte,  fo  there  would  have  been  no 
occafion  for  fupply ; and  food  would  have 
been  unneceflary.  But  on  the  contrary,  life 
cannot  be  preferved  if  the  evaporation  above 
fpoken  of  is  not  continued. 

In  this  chapter  I fhall  defcribe  the  progrefs  of 
the  food  from  the  mouth  to  the  blood,  and  the 
changes  it  undergoes  in  that  paflage. 

From  the  back  part  of  the  mouth  pafles  a 
tube,  called  the  aelophagus,  or  gullet,,  into  the 
ftomach.  From  the  right  fide  of  the  ftomach 
i flues  another  tube,  called  the  pylorus,  conti- 
nued into  the  duodenum.  Into  this  tube  enters 
the  bile  du£t  from  the  liver,  and  gall  bladder, 
and  with,  or  near  it,  another  tube  called  the 
pancreatic  du<ft,  from  the  pancreas  or  fweet- 
bread.  The  duodenum  is  continued  into  the 
jejunum,  which  makes  the  firft  part  of  that  long 
flexible  tube  forming  the  •winding  guts^  and  is  fo 
called  becaufe  it  is  generally  empty.  The  fe- 
cond  part  is  called  ileum,  and  is  only  a prolon- 
gation of  the  jejunum,  and  the  ileum  terminates 
in  that  great  gut  called  the  colon,  the  lower  part 
of  which,  called  the  reitum,  is  fixed  into  the  anus 
or  fundament. 

The 
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The  whole  of  what  has  been  defcribed  is  only 
a production  of  the  fame  tube,  from  the  efopha- 
gus  to  the  anus.  It  is  called,  by  anatomifts, 
the  inteftinal  canal,  or  primavia^  by  reafon  that 
this  is  the  firft  paflfage  of  the  food.  It  has,  by 
means  of  its  circular  mufcular  fibres,  a power  or 
faculty  of  contracting  itfelf  when  irritated  by 
diftenfion,  and  thereby  urges  forward  the  food 
contained  in  it,  as  the  arteries  do  the  blood. 
This  occafions  a vifible  worm-like  motion  of  the 
whole  guts,  when  they  are  expofed  to  view,  and 
is  called  their  periflaltic  motion. 

From  the  winding  or  fmall  guts,  and  even  from 
the  ftomach,  but  chiefly  from  the  ileum,  a vaft 
number  of  very  fine  {lender  tubes  take  their  rife.' 
They  are  invifible  unlefs  they  happen  to  be  full  j 
and  are  called  lahteals^  or  chyle  vcjfels. 

The  food  taken  in  at  the  mouth  is  broken  to 
pieces  by  the  teeth,  and  impregnated  with  faliva. 
From  thence  it  paffes  into  the  ftomach.  It  is 
there  mixed  with  the  gaftric  juice,  feparated  by 
the  fmall  glands  of  that  vifcus,  by  which  it  is 
digefted,  that  is,  as  far  as  it  is  capable  of  being, 
diflfolved.  When  it  gets  out  of  the  ftomach  into 
the  pylorus  and  duodenum,  it  is  alfo  mixed  with 
bile  from  the  gall  bladder,  and  with  pancreatic 
juice  from  the  fweet-bread  •,  and  in  confequence 
of  the  changes  which  it  undergoes  by  its  mix- 
ture with  thefe  various  liquids,  afiifted  by  the 

warmth 
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Warmth  and  gentle  triture  of  the  ftomach  and 
inteftines,  it  is  quite  altered  in  its  nature  from 
what  it  was  when  firft  taken  * ; fo  that  when  it 
arrives  at  the  fmall  guts,  there  is  abforbed  from 
it,  by  the  chyle  veflels  above  defcribed,  a foft 
and  taftelefs  liquid,  called  by  anatomifts  chyle. 
If  the  digeftion  be  perfeft,  the  chyle  is  the  fame, 
whatever  be  the  food  it  is  obtained  from.  The  lac- 
teals  which  colled;  this  chyle,  after  properly  unit- 
ing, empty  it  into  the  left  fubclavian  vein,  where 
it  mixes  with  the  blood  for  nourifhing  the  body. 

The  dregs  of  the  food,  from  which  this  liquor 
was  extracted,  pafs  on  through  the  guts,  and  is 
cad:  out  as  ufelels. 

The  chyle  therefore  may  be  confidered  as  the 
pabulum  of  the  blood.  It  was  obferved  before, 
that  a conftant  evaporation  of  fluids  from  the 
furface  of  the  body  is  neceflary.  The  blood  fup- 
plies  this  wafte.  The  parts  of  the  body  are  con- 

* The  gaftric  juice  has  been  Ihewn,  by  Mr.  John  Hunter  and 
others,  to  be  a folvent  of  the  aliment..  If  flefh,  or  other  food,  be 
digefted  in  this  liquid,  out  of  the  body,  it  will  in  great  meafure  be 
diffolved  by  it;  and  therefore  it  is  now  generally  held  that  digeftion 
is  performed  by  folution-,  the  gaftric  liquor  being  the  menftruum 
for  that  purpofe.  The  pancreatic  juice  feems  (like  the  faliva,  which 
it  relembles)  chiefly  defigned  as  a diluent.  The  u(e  of  the  bile  is 
not  yet  properly  known.  But  experiments  feem  to  fhew  that  ani-, 
malfood  employs  lefs  of  it  than  vegetable.  It  is  therefore  probably 
of  great  ufe  in  animalizing  the  aliment:  and  perhaps  the  blood 
derives  from  it  its  fpecific  power  of  attracting  phlogifton  from  the 
body,  and  parting  with  it  to  the  air ; of  which  notice  will  be  taken 
in  a future  chapter, 

tinually 
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tinually  recruited  ornourifhed  thereby,  and  the 
blood  is  again  recruited  for  this  purpofe  by  the 
chyle,  which,  in  the  courfe  of  circulation,  is 
alfo  converted  into  blood,  to  ferve  for  the  like 
purpofes  of  nutrition. 

As  life  depends  on  the  recruit  of  the  blood  by 
the  chyle  made  in  this  procefs,  fo  health  depends 
much  on  the  goodnefs  of  this  chyle.  If  the 
chyle  be  perfed,  good  blood  is  made ; good 
juices  are  made  from  that  blood  by  the  glands, 
and  the  parts  are  properly  nourifhed.  But  if 
the  chyle  be  bad,  it  will  ultimately  affed  the 
body  which  is  to  be  nourilhed  by  it,  in  propor- 
tion. The  evil  will  even  be  continued  in  confe- 
quence  thereof.  For  the  faliva,  gaftric  juice, 
bile,  and  fuccus  pancreaticus  being  vitiated. 
They  will  affed  the  chyle  hereafter  to  be  pre- 
pared from  frelh  food.  Nature  has  provided 
as  much  as  a careful  guardian  can  in  thefe  mat- 
ters. She  has  furnilhed  the  mouth  with  the 
faculty  of  tailing,  and  the  nollrils  (which  com- 
municate with  the  mouth)  with  that  of  fmelling, 
in  order  that  they  may  deted  any  thing  improper, 
and  prevent  its  being  taken  in  to  the  injury  of 
the  animal.  If  the  food  endures  thefe  tells  it  is 
buffered  to  pafs  on  to  the  llomach.  But  that 
organ  has  alfo  the  faculty  of  difcriminating  whe- 
ther the  aliment  is  proper,  and  in  fome  cafes 
where  the  fenfes  of  talle  and  fmell  are  ineffedual. 
If  it  be  hurtful,  or  poifonous,  it  has  in  many 
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indances  the  provident  faculty  of  rejecting,  or 
throwing  it  up.  If  there  are  hurtful  qualities, 
which  even  the  ftomach  cannot  difcover,  the 
guts  often  deteCt  them,  and  have  the  no  lefs 
wonderful  faculty  of  hurrying  it  thro’  the  body 
by  ftool.  There  are  cafes  however  in  which 
none  of  thefe  teds  are  Sufficient,  and  bad  chyle 
is  after  all  buffered  to  pafs  into  the  blood.  But 
even  there  it  is  thrown  off  by  urine  or  other 
fecretion,  or  elfe  a fever  is  raifed  in  order  to 
expel  it  by  perfpiration,  which  is  an  effeCt  of 
the  fame  kind  as  vomiting  in  the  ftomach,  and 
purging  in  the  guts.  Abfceffes,  eruptions,  and 
other  means  are  likewife  occafionally  employed 
by  nature  for  the  fame  intention.  But  there  are 
cafes  where  either  the  vigilance  or  power  of  all 
thefe  are  ineffectual,  and  in  confequence  thereof 
either  health  is  injured,  or  life  deftroyed. 


CHAPTER  VII. 

OF  THE  BLOOD. 

THE  chyle,  in  the  courfe  of  its  circulation, 
is  converted  into  blood ; as  hath  already 
been  obferved. 

They  who  have  diffeCted  bodies  with  a view 
to  the  changes  wrought  on  the  fluids  in  the  lungs, 

have 
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have  remarked  that  chyle  is  perceivable  in  the 
pulmonary  artery  previous  to  the  paflage  of  the 
blood  through  that  organ,  but  not  in  the  pulmo- 
nary vein,  after  fuch  paflage.  The  chyle  is 
mixed  with  the  lymph  in  the  fubclavian  vein,  &c. 
The  more  watery  part  is  probably  exhaled  by 
the  breath  •,  and  the  remainder  incorporated  with 
the  mafs  of  blood  by  agitation  in  the  pulmonary 


organ. 


When  blood  flows  from  a vein,  it  feems  to  be 
an  homogeneous  red  fluid.  But  after  refting  a 
while  it  feparates  into  two  fubftances,  a watery 
part,  called  ferum , and  a red  coagulum,  diftin- 
gu idled  by  the  name  of  crajfamentum. 

The  ferum,  by  its  fenfible  qualities,  appears 
to  refemble  water.  It  mixes  with  water  into  a 
feemingly  uniform  aqueous  fluid.  If,  however, 
this  mixture  be  expofed  to  a fufficient  heat,  the 
ferum  feparates  in  the  form  of  a white,  coagulated 
fubftance,  which  is  not  rediflolvable  in  the  water. 


If  ferum  be  expofed  alone  to  heat,  it  alfo  coa- 
gulates ; and  if  it  be  poured  into  boiling  water  the 
fame  effect  takes  place.  It  is  coagulated  likewife 
by  fpirit  of  wine,  aether,  and  acids.  In  thele  and 
other  propefties,  it  bears  a very  great  analogy 
to  the  white  of  an  egg. 

The  craj) 'amentum  is  compofed  of  two  diftinft 
fubftancgsj  i.  the  red,  or  colouring  part,  which 

may 
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may  be  entirely  walhed  out  of  it  by  means  of 
water,  and,  2.  the  coagulable  lymph. 

The  red  part  may  be  diftinguifhed,  by  means 
of  a microfcope,  in  the  form  of  little  globules, 
floating  in  the  other  parts  of  the  blood,  like  oil 
fhook  well  up  with  water.  By  means  of  the  fame 
inftrument,  they  may  be  feen  moving  in  the 
minute  blood  veflels  of  frogs,  and  other  animals, 
from  the  arteries  into  the  veins  •,  and  hence  we 
have  an  ocular  proof  of  the  circulation  of  the 
blood. 

This  fubftance  is  of  a deeper  red  in  the  veins 
than  in  the  arteries.  It  acquires  its  deep  colour 
in  the  courfe  of  its  circulation  through  the  body, 
and  lofeth  it  in  its  paffage  through  the  lungs.  . 

The  heat  of  the  blood  is  greater  than  that 
the  furrounding  atmofphere,  its  temperature  in 
health,  being  at  about  98  degrees  of  Fahrenheit’s 
thermometer.  In  morbid  Bates,  it  varies  from 
that  point ; thus,  it  is  hotter  in  an  inflammatory 
fever,  and  colder  in  the  cold  fit  of  an  ague. 

In  health,  the  heat  of  the  blood  is  nearly  the 
fame,  whether  the  furrounding  atmofphere  be 
hotter  or  colder ; the  vital  powers  generating 
more  heat  in  the  latter  cafe,  and  lefs  in  the 
former. 


The 
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The  coagulable  lymph , when  feparated  from 
the  red  part,  is  a white  gelatinous  fubflance,  and 
probably  the  elaftic,  and  glutinous  parts  of  the 
folids  are  formed  of  it. 

There  is  a greater  proportion  of  coagulable 
lymph  in  the  blood  of  perfons  of  Itrong  confti- 
tutions,  than  in  thofe  of  weak  ones,  and  the 
proportion  in  the  blood  of  the  fame  perfon  varies 
according  to  the  ftrength  andother  circumftances. 
The  like  may  be  obferved  of  its  texture. 

While  blood  remains  in  the  velfels,  it  conti- 
nues fluid  much  longer  than  it  would  do  in  the 
open  air ; the  adtion  of  which  difpofes  it  to  a 
fpeedy  coagulation. 

When  blood  has  flood  for  fome  hours  out  of 
the  veffels,  it  begins  to  putrify  •,  and  in  putrid 
difeafes  this  is  faid  to  take  place,  in  fome  degree, 
even  in  the  blood  of  living  animals. 

From  the  appearance  of  the  blood,  many  im- 
portant indications  may  be  drawn.  For  example, 
if  the  craffamentum  be  of  a weak,  or  lax  texture, 
incraffants  are  indicated.  If  tough  and  vilcid, 
attenuants  and  diluents.  If  in  over  proportion, 
evacuations;  if  the  contrary,  nutritives.  The 
appearance  of  fize,  or  buff,  on  the  craffamen- 
tum, is  faid  to  argue  too  great  a fluidity  of  the 
coagulable  lymph,  fo  that  the  red  globules  fink. 
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in  it,  leaving  the  upper  part  of  the  cake  free 
from  them,  or  in  a ftate  of  pure  coagulable  lymph. 
Hence  it  is  confidered  as  a fign  of  inflammation. 
Ocher  indications  are  drawn  from  the  appearances 
of  blood  by  practical  writers. 


CHAPTER  VIII. 

OF  NUTRITION. 

THE  folids,  as  well  as  fluids  of  the  body, 
are  in  a ftate  of  continual  wafte,  and  there* 
fore  require  to  be  recruited.  Hence  the  necef- 
fity  of  food,  as  before  obferved. 

The  manner  in  which  nutrition  is  performed 
is  not  as  yet  well  underftood,  but  it  feems  to  be’ 
performed  by  the  blood,  or  rather  the  lymph, 
in  conjunction  with  the  nerves. 

If  a nerve  be  divided,  the  part  which  it  ferves, 
waftes,  (efpecially  if  it  be  mufcular)  notwiths- 
tanding that  the  blood  circulates  through  it  as 
ufual.  And  there  are  phenomena  which  fhew 
that  the  blood  is  likewife  neceflary  to  nutrition. 

In  the  mufcular  fibres,  the  balls  of  nutrition 
may  be  the  fubftance  of  the  nerves  •,  but  thefe 
may  require  to  be  aflifted  by  the  blood,  or  its 
lymph.  Other  parts  may  be  nourifhed  in  diffe- 
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rent  manners,  and  fome  of  them,  either  wholly 
or  chiefly  by  the  coagulable  matter  of  the  blood  . 
The  folids  feem  for  the  moft  part  to  confifl  of 
coagulable  matter,  combined  with  water.  And 
the  various  parts  of  the  body  may  be  enabled,  by 
means  of  glands,  elective  attractions*  or  other- 
wife,  to  feparate  thofe  particles  from  the  blood, 
and  thofe  only,  which  are  moft  proper  for  their 
refpeftive  purpofes.  But  this  is  a fubjedt  which 
requires  to  be  farther  inveftigated  by  experi- 
ments. 


CHAPTER  IX. 

OF  THE  GLANDS. 

FROM  the  blood  are  feparated  many  fluids* 
for  different  purpofes,  by  certain  organs 
called  glands.  Thus, 

THE  KIDNEYS 

Strain  off  the  urine-,  which  confifts  of  the  fu- 
perfluous  water,  falts,  &c.  and  which,  if  re- 
tained, would  be  prejudicial  to  the  animal  ceco- 
nomy.  Critical  difcharges  of  the  utmoft  im- 
portance to  the  body,  are  alfo  not  uhfrequently 
made  by  the  fame  outlet.  This  fluid  is  retained 
in  the  bladder,  fo  as  to  be  expelled  when  con- 
venient. From  the  appearance  of  the  urine,  ufe-  ■ 
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ful  practical  indications  are  frequently  formed  j 
as  may  be  feen  in  medical  writings. 

THE  LIVER 

Forms  the  bile  or  gall,  part  of  which  is  re- 
tained in  the  gall-bladder,  as  its  refervoir,  as  the 
urine  is  in  the  vefica.  The  du£t  of  the  gall- 
bladder opens  into  the  duodenum.  The  p re ITu re 
of  the  food,  as  it  palfeth  through  the  pylorus, 
forces  the  bile  into  the  inteftines  for  the  purpofe 
already  mentioned. 

THE  PANCREAS,  OR  SWEET-BREAD, 

Forms  the  pancreatic  juice,  which  is  likewife 
emptied  into  the  inteftines  for  diluting  and  fur- 
thering the  digeftion  of  the  food. 

THE  SALIVAL  GLANDS 

Secrete  thefpittle,  for  the  purpofe  of  moiften- 
ing,  and  perhaps  affifting  the  digeftion  of  the 
food. 

THE  GLANDULES  IN  THE  STOMACH 

Secrete  the  gaftric  juice,  for  the  purpofe  of 
diftblving  the  food.  Thofe  in  the  inteftines  fe- 
parate  a liquid  which  lubricates  the  guts,  for 
the  more  ealy  paftage  of  the  aliment,  and  per- 
haps alio  to  afiift  in  its  aftimilation. 

THE  TESTICLES 

Form  the  vivifying  principle  in  males,  or  the 
feed,  improperly  fo  called,  as  do 

THE  OVARIES, 

The  true  feed,  in  females. 
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THE  BRAIN 

Seems  to  fecrete  a fubftance  which,  being 
conveyed  by  the  nerves,  affifts  in  nutrition.  By 
means  either  of  the  fame,  or  fome  other  matter 
or  fluid,  fenfation  and  motion  are  probably 
performed. 

The  other  glands  have  likewife  their  refpec- 
tive  ufeful  offices. 

The  theory  of  glandular  fecretion  has  not  as 
yet  been  fatisfaclorily  explained. 

From  irregularities  in  the  glandular  fecretions 
many  diforders  ariie.  If  the  bile  be  obftrufted, 
jaundice  is  often  the  confequence.  If  perfpira- 
tion ; colds,  plethora,  and  fevers  lucceed.  If 
the  gaftric  juice  be  deficient  in  quantity,  or  vi- 
tiated in  quality,  digeftion  is  injured.  And  the 
like  may  be  obierved  of  the  other  fecretions. 

Medicines,  in  fome  cafes,  aft  on  the  glands. 
Cathartics  increaie  the  fecretion  by  the  glands  in 
the  inteftines*,  and  diuretics  operate  by  increafing 
the  aftion  of  the  kidneys. 

By  increafing  fome  of  the  fecretions  many  dif- 
orders may  be  cured.  A droply,  for  example, 
is  removed  by  diuretics. 

When  one  fecretion  is  immoderate,  it  may,  in 
fome  cafes,  be  checked  by  augmenting  another. 

2 ' A faliva- 
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A falivation  is  diminifhed  by  a cathartic : and 
perforation  by  an  encreafed  fecretion  of  urine. 
And  there  are  other  ufes  of  the  glandular  fecre* 
dons  to  be  met  with  in  pra&ical  authors. 


CHAPTER  X. 

OF  PERSPIRATION. 

AN  animal  body  is  formed  on  fuch  princi- 
ples that  its  l'olids,  particularly  the  muf- 
cular  fibres,  are  in  a continual  ftate  of  wafte ; 
and  both  thefe  and  the  fluids  require  to  be  con- 
ftantly  renewed.  Hence  follows 

1 ft,  A neceflity  of  their  being  frequently  re- 
cruited by  means  of  food;,  as  hath  been  fhevvn, 
and 

2dly,  A like  neceflity  of  a continual  difcharge 
of  the  old  and  effete  materials. 

Agreeably  to  this,  we  find  that  from  every 
part  of  the  furface  of  the  body,  and  from  the 
lungs  there  conftantly  exhales  a confiderable 
quantity  of  vapour,  called  by  anatomifts  the 
matter  of  perfpiration. 

This  vapor  ufually  tranfpires  in  an  inlenfible 
manner.  But  if  perfpiration  be  encreafed  by 

R 3 exercife, 
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exercife,  or  other  caufe,  it  appears  in  the  form 
of  fmall  vifible  drops,  and  then-  it  is  termed 
fweat.  In  cold  weather  the  evaporation  from 
the  lungs  is  condenfed  into  a vifible  fleam  j it 
may  even  be  collected  in  a liquid  form  by  breath- 
ing on  a glafs,  or  other  proper  veffel.  More 
than  half  of  what  we  eat  and  drink  ulually  paffcs 
off  in  thefe  two  ways,  as  may  be  feen  by  the  ex- 
periments ofSandtorius  and  others. 

The  perfpiration  by  the  fkin  is  fuppofed  to  be 
either  fecreted  by  glands,  or  exhaled  by  minute 
extremities  of  the  arteries  of  the  cutis.  It  is 
probable  however,  that  the  matter  exhaled  by 
the  lungs  is  different  from  that  which  paffes  off 
by  the  fkin.  We  already  know  that  phlogiflon 
is  difcharged  by  the  lungs,  but  not  by  the  exter- 
nal furface  of  the  body ; the  fkin  being  a fubflance 
of  fuch  a nature  as  to  hinder  the  requifite  adlion 
of  the  air  on  the  blood  for  that  purpofe.  This 
obfervation,  compared  with  the  following  chap- 
ter, may  enable  us  to  underfland,  in  fome  mea- 
fure,  the  adlion  of  air  on  wounds. 

From  what  has  been  faid,  it  is  obvious,  that 
perfpiration  cannot  be  much  encreafed,  or  di- 
minifhed,  without  affedlingthe  health.  If  it  be 
obflrufted,  fulnefs  of  the  veffels  is  apt  to  be  pro- 
duced-, together  with  colds,  fevers,  and  the  like. 
If  it  be  too  copious,  laffitude  and  weaknefs  fol- 
low ; alfo  as  the  blood  is  thereby  deprived  of 
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its  more  fluid  parts,  the  remainder  will  be  more 
vilcid,  and  circulate  with  lefs  freedom.  The 
folids  all'o  will  become  too  dry  and  rigid.  A 
warm  atmoiphere  encreafes  perfpiration  •,  and  a 
cold  one  diminifhes  it.  It  frequently  happens 
that  when  perfpiration  is  diminifhed,  the  urinary 
fecretion  is  encreafed ; and  contrariwife.  The 
matter  of  perfpiration  is  even  faid  to  be  very  fi- 
milar  to  that  of  the  urine. 


CHAPTER  XI. 

OF  RESPIRATION. 

JT  has  been  fhewn  that  the  blood  has  a double 
circulation , cr  that  the  whole  mafs  pafles  firft 
through  the  lungs,  and  afterwards  through  the 
body. 

I have,  in  fome  meafure,  explained  the  ufes 
of  the  latter  circulation  j thofe  of  the  former  fhall 
next  be  difcourfed  of. 

The  lungs  are  contained  in  the  thorax-,  and 
are  divided  into  two  lobes.  The  trachea,  or 
windpipe,  alfo  divides  into  two  branches,  one 
of  which  is  fent  to  each  lobe,  where  it  is  fubdi- 
vided  into  a vail  number  of  ramifications,  ulti- 
mately terminating  in  little  veficles,  which,  when 
diftended  with  air,  make  up  the  greatefb  part  of 
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the  bulk  of  the  lungs.  The  branches  of  the 
pulmonary  artery  and  vein  accompany  thofe  of 
the  windpipe,  and  are  lpent  upon  the  coats  of 
thofe  veficles.  The  mafs  of  blood  is  not  carried 
t6  the  lungs  for  their  nourifhmenr,  there  being 
other  fmaller  blood  vefiels  deftined  for  that 
purpofe. 

The  thorax  has  an  alternate  motion  of  fyftole 
and  diaftole,  called  refpiration.  At  the  diaftole 
the  air  is  admitted  into  the  lungs,  and  this  is 
_alfo  called  infjnrativn.  At  the  fyftole  the  air  is 
expelled  from  the  lungs,  which  fyftole  is  like- 
wife  denominated  expiration. 

The  nature  and  properties  of  air  have  already 
been  explained.  Among  others  it  was  fhewn, 
that  it  prefies  with  a great  weight  on  all  things 
about  the  furface  of  the  earth,  and  that  it  is 
elaftic,  or  capable  of  expanfion  and  comprefiion* 
of  rarefaction  by  heat,  and  condenfation  by  cold. 

The  mufcles  which  caufe  expiration  having 
juft  finifhed  their  contraction,  they  begin  now 
to  relax  \ the  blood  driven  from  the  heart  into 
the  pulmonary  arteries  ftimulates  to  inlpiration. 
The  external  air  rufties  into  the  lungs,  which 
are  thereby  inflated.  They  fill  and  dilate  the 
thorax,  drive  the  diaphragm  downwards,  and 
by  the  help  of  mufcles,  which  ferve  for  infpira- 
tion,  diftend  thofe  which  ferve  for  the  contrary 

motion. 
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motion.  But  thole  mufcles,  thus  diftended,  re- 
fuming their  contractions,  re-contraCt  the  cavity 
of  the  thorax,  and  thereby  expel  the  air  from 
the  lungs.  The  mufcles  ferving  for  infpiration, 
now  beginning  again  to  a<5t,  the  thorax  is  dilated 
as  before,  and  this  continual  alternate  dilatation 
and  contraction  is  called  refpiration . 

When  the  lungs  are  diftended,  the  blood  cir- 
culates freely  through  them ; but  its  palfage  is 
much  more  difficult  in  expiration.  Alfo  as  the 
branches  of  the  arteries  and  veins  run  in  direc- 
tions parallel  to  thofe  of  the  windpipe,  tire  air 
in  infpiration  may  perhaps  help  forward  the  blood 
in  the  arteries  running  in  the  fame  direction,  and 
in  expiration  it  may  likewife  affift  the  motion  of 
that  in  the  veins.  If  breathing  be  ftopt  but  for 
a ffiort  time  death  enfues ; for  if  no  blood  palfeth 
from  the  lungs  to  the  heart,  the  circulation,  on 
which  life  depends,  mult  ceafe. 

It  had  long  been  obferved,  though  the  reafon 
was  not  known,  that  the  blood  in  the  veins  of 
the  body,  and  in  the  arteries  of  the  lungs,  was 
of  a darker  colour  than  in  the  arteries  of  the 
body  and  veins  of  the  lungs ; and  it  was  alfo 
known  that  it  loft  this  dark  colour  during  its 
p adage  through  the  laft  mentioned  organ.  It 
had  likewife  been  remarked,  that  when  venous 
blood  was  expofed  to  the  air,  the  furface  of  it 
acquired  the  lame  lcarlet  colour  as  that  in  the 

arteries 
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arteries  of  the  body,  and  veins  of  the  lungs. 
This  change  of  colour  therefore,  it  was  con- 
cluded, depended  on  the  2&i on  of  the  air.  What 
kind  of  aftion  this  was,  remained  unknown  till  it 
was  difcovered  by  the  induftry  of  the  celebrated 
Dr.  Prieftley,  who  found  that  the  dark  colour 
of  the  venous  blood  depends  on  phlogifton.  That 
this  phlogifton  is  acquired  by  it  during  its  cir- 
culation through  the  body.  That  in  its  paflage 
through  the  lungs,  the  air  in  infpiration  attracts 
this  principle  from  it,  for  the  fame  reafon  as  it 
takes  it  from  combuftible  bodies ; and  hence  the 
air  expired  is  almoft  the  fame  phlogifticated  air 
with  that  which  is  produced  by  combuftion.  By 
the  lofs  of  its  phlogifton  the  blood  recovers  its 
florid  colour.  From  thefe  facts  Dr.  Prieftley 
juftly  concluded,  that  the  principal  ufe  of  refpira- 
tion  is  to  carry  off  the  'phlogifton  which  the  blood 
acquires  during  its  circulation  through  the  body. 
In  confirmation  of  this  dodrine  it  may  be  ob- 
ferved,  that  as  candles  cannot  burn,  fo  neither 
can  animals  live,  in  air  that  is  faturated  with  the 
phlogiftic  principle. 


CHAP- 
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CHAPTER  XII. 

OF  MUSCULAR  MOTION. 

«• 

IT  is  known  that  the  nerve,  the  artery,  and 
the  vein,  are  qeceflary  to  the  action  of  a 
mufcle. 

The  nerve  feems  to  furnilh.  it  with  its  power 
of  irritability,  whereby  it  is  enabled  to  contraffc 
in  confequence  of  a ftimulus,  or  the  will.  Its 
fenfibility  alfo  depends  on  the  nerve*.  If  the 
nerve  be  deftroyed,  the  power  of  irritability,  as 
well  as  of  fenfibility,  will  be  loft. 

A regular  fupply  of  blood  is  alfo  equally  ne- 
ceflary  to  mufcular  adtion  •,  for  a ligature  on  the 
artery,  or  vein,  deltroys  the  power  of  motion  in 
a mufcle,  as  well  as  a ligature  on  the  nerve. 

The  ufe  of  the  blood  in  this  cafe  feems  to  be 
partly  to  derive  the  irritable  principle  into  the 
mufcular  fibres  from  the  nerves,  by  the  ftimulus 
of  its  heat  and  motion ; and  alfo  to  fill  up  and 
properly  diftend  the  mufcle  itfelf.  The  blood  has 
alfo  probably  fome  other  ufe  in  this  bufinefs, 
not  yet  properly  underftood. 

* It  is  found  that  thofe  parts  of  the  body  which  in  health  are 
neither  irritable  nor  fcnfible,  are  liable  to  become  fo  by  difeafe. 
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While  a mufcle  is  in  adtion,  it  is  fhorter,  and 
alfo  thicker  than  in  its  natural  ftate.  But  its 
thick nefs  is  not  increafed  in  proportion  to  its 
contraction  ; the  bulk  of  the  whole  mufcle  being 
lefs  during  its  adtion  than  at  other  times. 

The  caufe  of  mufcular  motion  in  the  abftradt 
feems  to  be,  that  by  the  influence  of  the  nerve, 
the  particles  of  which  the  fibres  are  compofed 
have  their  attractive  forces  increafed,  fo  that  they 
are  drawn  nearer  together  but  that  as  loon  as 
the  influence  of  the  nerve  ceafes,  the  increafe  of 
attraction  vanifhes,  and  the  particles  recede  to 
their  previous  diftance  from  each  other.  The 
ft hyfical  caufe  is  not  yet  known. 


CHAP  T E R XIII. 

OF  THE  EFFECTS  OF  AIR  ON  THE  SYSTEM. 

FROM  what  has  been  faid  of  air  in  the  Xlth 
chapter,  and  in  the  firft  part  of  this  work, 
it  appears  that  it  is  a fluid  of  the  utmoft  im- 
portance in  the  animal  economy. 

By  the  Xlth  chapter  it  appears  that  air  is 
fitter  for  refpiration,  or  for  fupporting  animal 
life,  in  proportion  as  it  contains  lefs  phlogifton; 
for  then  it  is  more  capable  of  ablorbing  that  prin- 
ciple from  the  blood  in  the  lungs.  1 he  blood 

thus 
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thus  freed  from  phlogifton  will  therefore,  in  the 
courfe  of  its  circulation,  more  powerfully  attrad 
it  from  the  body. 

On  what  account  the  difcharging  the  blood 
of  phlogifton  is  fo  neceffary  to  life,  has  not  as 
yet  been  clearly  fhewn.  But  it  is  well  known 
that  an  animal  cannot  live  many  minutes  in  air 
that  is  incapable  of  performing  that  effed.  The 
fad  alone  however  is  fufficient  to  fhew  the  great 
ufe  of  pure  air,  efpecially  in  putrid  fevers,  and 
fimilar  difeafes,  when  the  body  abounds  with  the 
phlogiftic  principle. 

It  may  be  obferved  however  that  phlogifton 
is  not  the  only  principle  by  which  air  is  rendered 
unfit  for  refpiration  •,  for  if  acid,  or  other  irri- 
tating particles,  be  contained  in  it,  they  will,  by 
irritating  the  trachea  and  lungs,  alfo  injure 
breathing.  Thus,  the  vapour  of  burning  ful- 
phur  is  infupportable,  and  that  not  on  account 
of  the  phlogifton,  but  of  the  acid  particles  irri- 
tating the  organs  of  refpiration.  The  complaints 
of  afthmatic  people,  with  refped  to  the  foulnefs 
1 of  air,  are  in  great  mcafure  the  effeds  of  thofe 
irritating  particles. 

Nor  is  the  difcharging  of  phlogifton  the  only 
ufe  of  refpiration.  A large  quantity  of  fupcr- 
fiuous  aqueous  matter  is  carried  off  by  the  air 
in  the  lungs,  as  is  evident  ;n  cold  weather,  when 

it 
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it  is  vifible  ; and  it  has  not  yet  been  proved  that 
this  matter  is  exadlly  of  the  fame  kind  with  that 
which  pafies  off  by  the  fkin. 

A dry  and  heavy  air  is  better  for  breathing 
than  a moift  and  light  one,  refpiration  then  be- 
ing not  only  performed  with  greater  freedom, 
but  more  phlogillon,  and  alfo  more  perfpirable 
matter  is  conduced  off;  and  if  the  air  in  this 
ftate  be  alfo  warm,  it  is  better  for  breathing  than 
when  very  cold,  becaufe  by  cold  the  moifture 
is  condenfed,  and  falls  back  upon  the  lungs; 
hence  coughs,  &c. 

The  air  in  the  lungs  is  alfo  made  fubfervient 
to  other  purpofes  befides  thofe  defcribed.  Speak- 
ing, fmelling,  coughing,  fneezing,  dejedlion, 
and  various  other  adtions  are  performed  by 
means  of  it. 

With  regard  to  the  external  effects  of  air,  the 
elaflicity  or  ftrength  of  the  fibres  is  known  to 
depend  very  much  on  the  ftate  of  the  air  incum- 
bent on  the  body. 

That  the  atmofphere  preffes  upon  the  body 
with  a very  great  weight,  was  fhewn  when  treat- 
ing of  air,  and  from  thence  alfo  it  may  be  un- 
derftood  that  the  preffure  of  the  external  air  is 
refilled,  by  thefpringof  the  air  within  the  body. 
Thefe  ought  precifely  to  balance  each  other. 
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Rut  when  the  atmofphere  is  light,  the  refift- 
&nce  of  the  internal  becomes  greater  than  the 
prefTure  of  the  external  air;  the  velTels  then  be- 
come turgid;  the  fibres  cannot  contract  fo  freely 
and  powerfully  as  they  ought;  the  circulation, 
fecretions,  and  other  functions  will  go  on  more 
heavily  than  ufual;  a general  laffitude  is  felt;  the 
Voluntary  motions  are  performed  with  more  dif- 
ficulty and  labour;  and  from  what  we  feel,  we 
fallely  imagine  that  the  air  is  heavier  than  ufual. 

When  the  atmofphere  is  heavy  it  prefies  with 
a greater  weight  on  the  body,  and  overcomes  the 
refiftance  of  the  internal  air,  and  of  courfe  the 
contrary  happens  to  what  has  juft  been  delcribed. 
The  fibres  are  more  elaftic  ; the  velTels  contract 
with  greater  freedom  and  force  ; and  the  circu- 
lation, and  other  vital  functions  go  on  brifker 
than  ufual.  The  voluntary  motions  are  perform- 
ed with  greater  eafe.  The  body  feels  more  light 
and  alert,  and  we  falfely  imagine  the  air  itlelf . 
to  be  lighter.  This  ftate  of  the  air  however,  is 
apt  to  generate  an  inflamed  ftate  of  the  blood  ; 
hence  ardent  fevers,  and  other  inflammatory  dif- 
orders  frequently  arife,  as  do  diforders  of  a con- 
trary kind  when  the  atmofphere  is  too  light. 

A moifl  air  relaxes  the  fibres,  and  difpofes  tnc 
fluids  to  a putrid  ftate,  and  as  in  a moifl;  ftate  of 
the  air,  the  atmofphere  is  generally  light,  the 
laflitude,  the  weak  crafis  of  the  blood,  the  flug- 

gilh 
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gifh  circulation,  and  diforders  arifing  from  them 
will  conlpire  with  the  ill  confequences  of  the 
moifture. 

The  efFcdts  of  a dry  air  on  the  body  are  the 
reverie  of  thefe  ; and  as  fuch  a ftate  of  it  feldom 
happens  but  when  the  atmofphere  is  alfo  heavy, 
it  will  be  more  favourable  to  the  production  of 
inflammatory  difeafes. 

A warm  atmofphq-e  relaxes  the  fibres,  and 
favours  a diffolved  ftate  of  the  blood.  If  this  be 
joined  with  a light  and  moift  air  it  will  augment 
the  ill  effects  of  thefe  on  the  body  ; but  cold  will 
counteract  them.  A cold  air  braces  up  the  fibres, 
and  enables  the  veflels  to  contract  with  greater 
power.  If  this  be  joined  with  a dry,  heavy  at- 
mofphere, it  encreafes  the  evils  of  which  thefe 
latter  may  be  productive;  but  the  ill  confequences 
of  a moift  and  light  atmofphere  are  counteracted 
by  it*. 

By  thefe  confiderations  we  may  be  enabled  to 
form  proper  indications  in  regard  to  the  treat- 
ment of  difeafes  in  the  different  ftates  of  the  air; 
and  alfo  with  relpeCt  to  food,  or  other  proper 
management  in  health,  for  preventing  or  guard- 
ing againft  the  ill  effeCts  of  thefe  refpeCtive  un- 
favourable ftates  of  that  element.  For  example, 
when  the  air  is  very  moift,  light,  and  warm,  a 

* Perfpiration  is  alfo  encreafed  by  a vrann  atmofphere,  aad 
Jefl'ened  by  a cold  one. 
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fegimen  of  a more  bracing  and  antifeptic  kind 
is  requifite  than  in  a contrary  ftate,  where  a re- 
laxing and  antiphlogiftic  treatment  is  more  pro- 
per. But  from  a knowledge  of  the  difpofition 
of  the  atmofphere,  and  the  ftate  of  the  patient, 
the  practitioner’s  fagacity  will  better  point  out 
the  mode  of  treatment  than  many  volumes. 

ft 

Having  a clear  conception  of  the  premifes,  he 
will  fee,  as  it  were  by  intuition,  the  confequences. 
And  I have  made  it  my  bufinefs  rather  to  incul- 
cate an  idea  of  the  premifes  alluded  to,  than  to 
fnew  the  various  and  almoft  infinite  refults  and 
applications  of  them,  which  is  much  better 
left  to  the  reader’s  fagacity.  He  will  notice  in 
particular,  that  thefymptoms  of  difeafes  will  be 
often  varied,  according  to  the  different  ftates  of 
the  atmofphere;  by  want  of  attention  to,  or 
knowledge  of  which,  the  ignorant  practitioner 
muft  frequently  be  mifled. 

The  effects  of  winds  depend  on  their  temped 
rature,  as  to  heat  and  cold  ; on  their  moifture 
I or  drynefs  •,  and  on  the  lighter  or  heavier  ftate  of 
the  atmofphere  which  they  occafion.  And  there- 
fore they  may  be  referred  to  the  preceding  heads. 

It  may  be  obferved,  that  winds  will  feel  cold, 

I though  they  are  no  colder  than  the  other  parts 
I of  the  air.  The  wind  from  a pair  of  bellows 
I feels  cold  to  the  hand,  though  the  thermometer 
| ^ows  it  to  be  of  the  fame  warmth  as  before  it 
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was  thus  put  in  motion.  For  the  air  immediately 
furrounding  the  fkin  is  warmed  by  the  heat  of 
the  body.  But  this  being  forced  away  by  the 
current  of  wind,  the  frefh  air  muft  needs  feel 
colder. 


Cold  contracts  the  pores,  and  checks  and  con- 
denies  the  perfpiration  of  the  part ; and  hence 
it  is  that  we  are  fo  liable  to  get  cold  when  a part 

of  the  body  is  expofed  to  the  adlion  of  wind. 

/ 

Winds  in  general  however  are  healthful,  as 
they  drive  away  the  ftagnant  air,  tainted  by  ex- 
halations from  the  earth,  by  animal  refpiration, 
&c.  and  fupply  us  with  that  which  is  more  pure. 

Befides  heat,  cold,  moifture,  drynefs,  and 
different  weight,  the  air  may  be  affedted  by  ex- 
halations from  the  earth,  by  noxious  particles 
brought  by  winds,  and  the  like;  but  thefe,  except- 
ing phlogifton,  which  has  already  been  fpoken 
of,  we  are  as  yet  fo  little  acquainted  with,  that 
we  cannot  l'peak  with  any  degree  of  certainty 
about  them.  It  is  to  be  hoped  that  philofophy 
will  in  time  throw  light  on  this  interefting  fubjedt, 
iince  rnoft  of  the  contagious  and  peftilential  di- 
leafes  depend  in  great  meafure  on  fuch  particles 
abounding  in  the  air. 
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p CHAPTER  XIV. 

OF  THE  PASSIONS. 

THE  paflions  influence  the  body,  and  Tome 
of  them  in  a very  eminent  degree.  They 
Hi  all  therefore  be  the  lubjedt  of  the  prefen  c 
chapter. 

The  paflions  by  which  the  body  is  chiefly  af- 
fedted  are  grief,  joy,  hope,  fear,  love,  hatred, 
and  anger;  the  others,  being  either  akin  to  fome 
of  thefe,  or  of  Jefs  moment,  need  not  be  fpe- 
cified. 

Joy  is  a violent  and  pleafing  paflion,  arifing 
on  the  attainment  of  any  good,  efpecially  if  fud- 
den  or  unexpedted.  This  paflion  occafions  a 
greater  determination  of  the  nervous  influence  into 
the  body  than  ufual ; hence  it  luddenly,  and  re- 
markably quickens  the  circulation  of  the  blood. 
A pleafing  warmth  or  glow  is  thrown  upon  the 
heart  and  breaft,  which  are  even  convulfed,  as 
it  were,  with  tranfport ; and  inftances  have  been 
known  where  death  has  been  the  confequence, 
when  the  paflion  has  been  very  violent  and  fud- 
den.  In  this  paflion  the  heart  in  particular  feems 
remarkably  lighter  ; owing  to  the  greater  ability 
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with  which  it  is  enabled  to  circulate  the  blood* 
not  only  becaufe  of  the  increafed  influx  from 
the  nerves,  but  by  reafon  that  the  veflels,  the 
mufcles,  and  other  parts*  on  account  of  the  like 
increafe  of  nervous  influence,  perform  more  than 
their  ufual  fhare  in  that  circulation,  and  of  courfe 
greatly  leffen  the  labour  of  the  heart.  The  fe- 
cretions,  and  other  functions  of  the  body  alfo 
go  on  with  a proportional  encreafe  of  fpirit. 

Hope,  or  the  probability  of  attaining  any  good, 
is  of  the  fame  nature  with  joy,  only  calmer,  or 
lefs  violent  in  its  nature.  The  like  may  be  ob- 
ferved  of  felf-complacency,  which  Mr.  Hume 
calls  pride*,  of  fuccefsful  love,  and  of  other 
paflions  of  the  pleafmg  kind. 

Thefe  paflions  therefore  might  be  employed 
by  phyficians  as  cordials  *,  which  they  are  of  the 
higheft  kind ; and  much  better  than  any  that 
the  materia  medica  can  produce.  For  example, 
if  a phyfician  is  capable  of  perfuading  a fick 
perfon  that  he  fhali  recover,  fuch  an  hope  will  do 
more  towards  the  cure,  in  fome  cafes,  than  me- 
dicinal prefcriptions;  and  it  is  well  known  that  if 
a patient  takes  it  into  his  head  that  he  fliall  die, 
this  contrary  paflion  to  hope  will  fometimes  occa- 
fion  his  death. 

Care  however  .muff  be  taken  to  prevent  excefs 
in  thole  paflions,  at  leaft  in  the  violent  ones  of 
joy  and  love,  for  not  only  madnefs  or  frenzy 
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may  be  occafioned,  but  by  exhaufting  the  ipirits, 
they  will  often  bring  on  a contrary  difpofition  of 
the  fyftem,  and  the  laffitude  will  be  productive 
of  more  ill  to  the  body  than  the  hilarity  of  the 
paffion  did  good  ; and  the  more,  as  the  good 
was  only  temporary,  whereas  the  evil  will  be 
more  lading.  When  therefore  thefe  confequences 
are  likely  to  arife  from  thefe  paffions,  they  fhould 
be  carefully  moderated  by  a fkilful  application 
of  paiTions  of  an  oppofite  kind. 

Grief,  or  that  paffion  which  is  occafioned  by 
the  lofs  of,  or  difappointment  in,  any  good,  re- 
markably decreafes  the  determination  of  the 
nervous  influence  to  .the  body,  .dire.Ct.ly  contrary 
to  joy.  Hence  it  caufeth  the  heart  to  beat 
flower  and  weaker  than  ufual ; and  as  the  vefiels 
and  other  parts  of  the  body  will  be  equally  af- 
feCled,  the  heart  will  alfo  have,  notwithflanding 
its  Idler  ability,  a greater  fnare  in  circulating 
the  blood  than  ufual.  Hence  it  painfully  la- 
bours, throbs,  and  isopprefled  as  with  an  heavy 
weight  •,  and  as  in  joy,  by  the  greater  determi- 
nation of  the  influx  from  the  nerves,  a fenfe  of 
warmth  was  caufed  about  the  heart,  and  the 
fyftem  in  general,  that  of  coldnefs  or  damp  will 
now  take  place,  for  the  contrary  reafon.  This 
paffion  alfo,  when  very  fudden  and  violent,  has 
been  known  to  occaflon  inflant  death.  Grief, 
eipecially  that  excefs  of  it  v/hich  is  termed  do- 
ff air,  is  not  only  of  longer  continuance  than  joy, 
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but  productive  of  much  worfe  effects.  Lofs  of 
appetite,  hyfterics,  hypochondriaca,  and  melan- 
choly madnefs,  are  often  the  dreadful  confe- 
quences  thereof.  It  may  be  added,  that  in  this 
paffion,  the  fecretions,  and  other  functions  of 
the  body,  are  remarkably  lefTened ; and  fome- 
times  fo  much  impeded,  that  the  fluids  in  a 
manner  ftagnate,  and  the  fyftem  becomes  as  it 
were  almofl:  inanimate. 

Every  means  Ihould  be  ufed  to  divert  the  at- 
tention of  the  mind  from  the  caufe,  or  objeCt  of 
this  fatal  paffion,  and  the  introduction  of  objeCts 
which  are  likely  to  infpire  a contrary  affeCtion, 
Ihould  on  all  occafions  be  attempted.  But  even 
this  paffion  may  be  rendered  ufeful,  as  it  may 
be  employed  to  moderate  the  dangerous  exceffes 
of  the  contrary  ones ; as  hath  already  been  re- 
marked. 

Fear  bears  much  the  fame  relation  to  grief 
as  hope  does  to  joy  for  as  hope  is  a mixture' of 
joy  and  grief,  in  which  the  former  preponderates, 
fo  fear  is  a like  mixture,  in  which  grief  has  the 
excefs,  as  Mr.  Hume  has  elegantly  ihewn.  Fear, 
therefore,  is  only  a lefs  perfeCt  grief-,  and  its 
effects  on  the  body  are  of  a flmilar  nature,  but 
only  more  moderate.  Hatred,  envy,  jealoufy, 
and  the  other  difagreeable  paffions,  have  alio 
lomewhat  flmilar  effeCts. 

Anger, 
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Anger,  or  rage,  though  a difagreeable  paf- 
fion,  has  an  effed  on  the  body  fomewhat  like 
that  of  joy,  I mean  with  refped  to  the  increafed 
determination  of  the  nervous  influence  into  the 
fibres;  but  without  the  pleafingfenfation.  What 
was  laid  of  that  paffion  may  be  applied,  with 
proper  allowances,  to  this  and  to  others  of  the 
like  kind. 


The  efffds  of  the  paflions  on  the  body  are  to 
be  confidered  as  produced  immediately  by  means 
of  the  moving  fibres;  for  it  is  into  thefe  that  the 
nerves  impart  their  influence  according  as  they 
are  affected  by  the  mind.  Joy  contracts,  or 
braces  up  the  fibres  more  than  ufual,  hence  they 
ad  more  powerfully  or  with  greater  vigour;  and 
grief  relaxes,  or  weakens  them,  whence  the 
force  of  their  adion  will  be  lefs  ; the  like  may 
be  obferved  of  the  other  paflions.  For  the  vital 
functions  of  the  body  go  on  more  or  lefs  vigour- 
oufly  according  as,  the  fibres  ad  with  greater  or 
leis  power.  Exceffes  of  paflion  however,  efpe- 
ciaHy  ^ frequent,  will  drain,  or  otherwife  im- 
pair the  fibres,  &c.  and  hence  thofe  melancholy 
confequences  which  were  mentioned  when  treat- 
ing of  the  fibres. 


It  appears  therefore  that  the  paflions  are  cap- 
able of  being  applied  to  ufeful  purpofes  in  medi- 
cine. But  fkill  and  addrels  are  required ; and, 
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perhaps,  it  will  be  advantageous  to  the  practi- 
tioner if  he  likewife  makes  himfelf  acquainted 
with  their  metaphyfical  theory,  as  delivered  by 
Mr.  Hume,  and  other  authors. 


CHAPTER  XV. 
OF  THE  SENSES. 


OF  VISION. 

TEIE  doctrine  of  vifion,  fo  far  as  relates  to 
the  refraction  of  light,  was  explained  in 
the  chapter  on  optics.  The  manner  in  which 
vifion  is  caufed  by  the  rays  of  light  fhall  be  the 
fubjeft  of  this  feCtion. 

The  different  colours,  like  notes  of  found, 
may  be  confidered  as  fo  many  gradations  of  tone  ; 
for  they  are  caufed  by  vibrations  of  the  rays  of 
light  beating  on  the  eye,  in  like  manner  as  founds 
are  caufed  by  vibrations  or  pulfes  of  the  air  beat- 
ing on  the  ear.  Red  is  produced  by  the  floweft 
vibrations  of  the  rays,  and  violet  by  the 
quickeft. 

In  the  chapter  on  optics  it  was  fhewn  that 
colours  might  be  excited  in  the  eye  without  the 
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afliftance  of  the  rays  of  light,  or  merely  by  irri- 
tation, as  is  the  cafe  with  the  fenfe  of  feeling. 
But  thefe  colours  are  tine  fame  with  thole  which 
are  excited  by  the  rays  of  light.  For  the  white 
colour  is  like  that  which  arifeth  from  a mixture 
of  all  the  rays ; and  different  tones  or  notes  of 
colour  are  fometimes  obferved  to  ariie,  like  thole 
caufed  by  the  refrafted  rays.  Now  as  the  rays 
caufe  colours  by  means  of  their  vibrations,  and 
as  colours  may  be  excited  by  irritating  the  eye, 
like  thofe  caufed  by  the  rays  of  light,  it  feems 
apparent  that  thofe  colours  are  the  efftdls  of  as 
many  different  vibrations  liable  to  be  excited  in 
the  retina,  of  the  fame  fwiftnefs  with  thofe  of 
the  refpe&ive  rays  of  light. 

In  the  chapter  on  found,  it  was  fhewn  that  a 
mufical  firing,  when  put  into  vibration  has  the 
property  of  putting  another  ftring  into  motion, 
whofe  time  of  vibration  is  the  fame  with  its  own; 
or  whofe  note  is  in  unifon  with  it.  The  fame 

i 

thing  feems  to  obtain  with  regard  to  the  rays  of 
light,  and  the  vibrations  or  colours  liable  to  be 
excited  in  the  retina.  If  the  red-making  rays 
fall  on  the  eye,  they  excite  the  red-making  vi- 
brations in  that  part  of  the  retina  whereon  they 
impinge,  but  do  not  excite  the  others  becaufe 
they  are  not  in  unifon  with  them.  And  hence 
it  feems  to  be  that  the  leaft  refrangible  rays  caufe 
only  a red  colour.  For  the  fame  reafon,  if  the 
violet- making  f3-ys  ftrike  on  the  retina  they  exr 
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cite  all  the  violet-making  vibrations  in  the  part 
on  which  they  fall,  and  thofe  only,  and  therefore 
canfe  only  a violet  colour,  and  the  like  may  be 
obferved  of  the  rays  which  caufe  other  colours. 
Prom  hence  it  may  be  underftood  that  the  rays 
of  light  do  not  caufe  colours  in  the  eye  any  other- 
wife  than  by  the  mediation  of  the  vibrations  or 
colours  liable  to  be  excited  in  the  retina  •,  the  colours 
are  occafioned  by  the  latter ; the  rays  of  light 
only  ferve  to  excite  them  into  aCtion.  So  like- 
wife  if  blue  and  yellow-making  rays  fall  together 
on  the  fame  part  of  the  retina,  they  excite  the 
blue  and  yellow-making  vibrations  refpebtively, 
but  becaule  they  are  fo  clofe  together  as  not  to 
be  diftinguifhed  apart,  they  are  perceived  as 
a mixed  colour,  or  green  •,  the  fame  as  would  be 
caufed  by  the  rays  in  the  midway  between  the 
blue  and  yellow-making  ones.  And  if  all  forts 
of  rays  fall  promifcuoufly  on  the  eye,  they  ex- 
cite all  the  different  forts  of  vibration,  and  as  they 
are  not  diftinguifhable  feparately,  the  mixed 
colour  perceived  is  white ; and  fo  of  other  mix- 
tures. 

We  are  therefore  perhaps  to  confider  each  of 
thefe  vibrations,  or  colours  in  the  retina,  as  con- 
nected with  a fibril  of  the  optic  nerve.  That  the 
vibration  being  excited,  the  pulfes  thereof  are 
communicated  to  the  nervous  fibril,  and  by  that 
conveyed  to  thefenfory,  or  mind,  where  it  occa- 
fions,  by  its  adtion,  the  refpedtive  colour  to  be 
2 perceived. 
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perceived.  Alfo  that  there  are  in  the  retina  a 
great  number  of  vibrations  of  the  fame  times, 
or  kinds,  and  that  all  the  different  ones  are  mixed 
equally  together  throughout  the  whole  organ. 

OF  HEARING. 

As  colours  may  be  excited  by  irritating  the 
retina,  fo  there  are  founds  liable  to  be  excited 
by  prefTing  or  irritating  the  ear.  The  tinnitus 
aurium,  or  ringing  in  the  ears,  had  long  been 
noticed  by  authors.  Byfprefiing  the  ear  with 
the  finger,  and  otherwife  irritating  it,  it  has  been 
found  that  a regular  fcale  of  notes,  or  mufical 
founds,  might  be  excited-,  and  that' the  ear  feems 
to  contain  all  manner  of  them,  from  the  lowefl, 
or  molt  grave,  to  the  higheft,  or  molt  acute. 
It  is  probable  therefore,  that  the  vibrations  of 
air  caufe  founds  by  the  mediation  of  thefe,  in 
like  manner  as  the  rays  of  light  were  fuppofed  to 
caufe  colours  by  means  of  the  vibrations  liable 
to  be  excited  in  the  retina. 

The  pulfes  or  vibrations  of  the  air  beat  upon 
the  tympanum.  The  internal  founds  however, 
or  thofe  liable  to  be  excited  by  preffing  the  ear, 
do  not  feem  to  be  in  the  tympanum,  but  in  the 
labyrinth  and  cochlea,  which  are  the  inner  parts 
of  the  ear.  Behind  the  tympanum  is  a cavity 
filled  with  air  i from  its  refemblance  to  that  in- 
ftrument,  it  is  called  the  drum , of  which  the 
membrane  called  tympanum  is  confidered  as  the 
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head.  In  the  tympanum  only  the  fenfe  of  feel- 
ing can  be  excited.  When  a found  enters  the 
ear  it  beats  upon  that  membrane  i and  the  pulfes 
are  propagated  thro’  the  drum  into  the  cochlea 
and  labyrinth.  It  there  probably  excites  the 
unifon  internal  vibration,  and  thence  caufeth  a 
found,  in  the  fame  manner  as  was  fhewn  with 
regard  to  colours.  The  note  of  the  found  there- 
fore, and  alfo  its  loudnefs,  feem  to  be  determined 
by  the  internal  found  excited  in  the  labyrinth  ; 
but  the  fituation,  and  other  particulars  of  it,  are 
probably  known  by  means  of  the  other  parts  of 
the  ear,  in  a manner  not  yet  properly  underftood. 
See  alfo  the  chapter  on  found. 

OF  FEELING. 

Hearing  and  feeing  are  confined  to  very  fmall 
portions  of  the  animal,  the  eyes  and  ears:  but 
feeling  is  an  univerfal  fenfe,  being  diftributed 
throughout  the  whole  body. 

Hearing  andfeeing  are  capableof  being  excited 
by  mere  irritation,  as  hath  been  fhewn  ; and  they 
feem  to  be  both  occafioned  by  vibrations  liable 
to  be  excited  in  the  organs  of  thole  fenfes,  and 
carried,  by  the  nerves  to  the  fenfory,  or  mind. 
Feeling  is  fo  liable  to  be  excited  by  this  means, 
that  it  is  ordinarily  excited  by  no  other.  And 
therefore  it  fhould  feem  that  feeling  is  alfo  occa- 
fioned by  vibrations  liable  to  be  excited  in  thofe 
parts  which  are  endued  with  this  fenfe. 


The 


PHYSIOLOGY.  269 

The  whole  cutis,  or  fkin,  is  pofieffed  of  the 
fenfe  of  feeling,  and  anatomifts  fliew  certain 
fmall  pyramidal  bodies,  which  they  call  papillae, 
ns  the  immediate  organs  of  this  fenfe*,  perhaps 
we  may  rather  fay,  of  that  particular  modifica- 
tion of  it,  called  touch. 

When  the  fenfe  of  feeling  is  excited  with  an 
undulating  motion,  as  by  means  of  a feather,  or 
the  like,  it  yields  that  pleafing  kind  of  fenfation 
called  tickling. 

When  feeling  is  excited  very  ftrongly,  it  de- 
generates into  pain,  which  though  difagreeable, 
is  of  the  moft  important  ufe,  for  by  it  we  are  in- 
formed when  any  thing  is  injuring,  or  deftroying 
•the  body,  and  aroufed  to  remove  the  caufe. 

Different  parts  of  the  body  are  endued  with 
different  degrees  of  feeling,  fuitable  to  their  dif- 
ferent ufes.  Thus,  the  hair,  nails,  and  cuticle 
have  no  feeling  •,  the  bones  very  little  ; the  gums, 
the  heart,  and  fome  other  parts  have  lefs  than 
theflefh  in  general,  forelfe  the  former  would  be 
hurt  by  hard  food,  and  the  labour  of  the  latter 
in  circulating  the  blood  would  be  continually 
I fenfible  and  troublefome.  But  the  membranes 
I are,  in  general,  the  moft  fenfible  parts  of  the 

I body,  though  thefe  alfo  differ  in  this  refpebt, 

I according  to  their  feveral  ufes. 
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The  difference  between  irritability  and  fenfibi- 
lity  was  fhewn  when  difcourfing  on  the  fibres. 

Feeling  is  by  far  the  moft  ufeful,  extenfive, 
and  important  of  the  fenfes,  and  may  be  faid 
indeed,  to  be  the  bafis  of  them  all.  Vifion  would 
be  of  very  little  ufe  to  us,  if  it  was  not  aided  by 
the  fenfe  of  feeling*.  The  picture  of  an  object, 
for  example,  is  painted  on  the  retina,  by  the 
rays  of  light ; yet  it  is  not  merely  by  this  picture, 
but  by  the  eye  tracing  the  boundaries  of  an  ob- 
ject, that  we  get  the  idea  of  its  fhape,  the  eye 
only  confidering  that  point  of  an  objedt  which 
lies  in  the  optic  axis,  at  a time  ; fo  that  it  is  pro- 
perly by  means  of  the  fenfe  of  feeling,  that  we 
get  the  idea  of  an  objedt’s  fhape.  The  like  may 
be  obferved  with  regard  to  the  fituation,  motion, 
&c.  of  objedls.  With  refpedt  to  hearing,  we 
probably  gain  an  idea  of  the  fituation,  &c.  of 
founds,  entirely  by  means  of  feeling.  In  fliort, 
it  is  to  this  fenfe  that  we  are  indebted,  either 
immediately,  or  indiredtly,  for  by  far  the  great-, 
eft  part  of  our  knowledge ; as  the  reader  will 
find  by  confulting  the  authors  who  have  belt 
treated  on  thole  fubjedts  in  a metaphyfical  view. 

To  feeling  may  be  added  the  fenfations  of  heat 
and  cold,  which  are  capable  of  being  excited 
wherever  the  fenfe  of  feeling  is  found,  and  there- 
fore feem  to  be  only  certain  modifications  of  it. 
Heat  arifeth  in  a part  when  a lubilance  hotter 

than 
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than  that  part  is  applied  to  it,  and  cold  in  the 
contrary  cafe. 

OF  TASTE,  SMELL,  HUNGER,  THIRST,  &C. 

Tafte,  and  fmell,  differ  from  the  fenfes  of  fee- 
ing, hearing,  and  feeling,  in  that  they  cannot 
be  excited  by  merely  preffing,  or  irritating  the 
organs,  as  happens  with  the  others.  The  like 
may  be  obferved  of  hunger,  thirft,  &c. 

From  odorous  bodies,  effluvia,  or  very  fubtle 
particles,  are  continually  flying  off.  Thefe  parti- 
cles being  drawn  up  the  noftrils,  with  the  air  in 
infpiration,  a£t  upon  the  organ  of  fmelling,  in 
the  os  cribriforme,  and,  according  to  their  fe- 
veral  natures  caufe  different  fmells. 

As  the  particles  exhaled  by  the  odorous  body 
are  in  greater  plenty  near  the  body  than  at  a 
diftance  from  it,  fmells  are  weaker  as  the  body 
emitting  the  odour  is  more  remote,  and  that  in 
a duplicate  proportion  to  their  diftance,  as  thofe 
who  are  fkilled  in  mathematics  can  eafily  demon- 
ftrate. 

Alfo  when  the  air  is  moift,  particles  exhale  in 
greater  plenty  than  when  it  is  dry,  and  in  a warm 
air  more  than  in  a cold  one,  and  therefore  the 
fmells  of  bodies  are  more  powerful  *t  thofe  times 
than  at  others. 
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Taste  is  excited  by  faline,  and  certain  other 
particles  of  bodies,  which  muft  either  be  in  a li- 
quid form,  or  capable  of  being  diffolved  into  a 
liquid  by  the  moifture  of  the  tongue,  for  other- 
wife  no  taftes  are  excited  by  them  *. 

The  papillre  in  the  tongue  are  the  organs  of 
tafte  ; and  on  them  the  liquids  which  are  capable 
of  exciting  this  fenfation  a£t.  As  the  particles 
are  of  different  natures,  they  caufe  different  taftesT 
and  taftes  of  the  fame  kind  are  ftronger  accord- 
ing as  the  particles  more  abound  in  the  liquid. 

Thirst  is  an  uneafy  fenfation  in  the  throat, 
arifing  from  a want  of  fufficient  moifture  in  that 
part. 

Hunger  is  an  uneafy  fenfation  in  the  ftomachj 
arifing  from  want  of  food.  It  is  occafioned  by 
the  juices  of  that  vifcus,  which  not  being  enu 
ployed  in  digefting  the  food,  jftimulate  the 
ffomach. 

REMARKS  ON  THE  SENSES. 

The  fenfes  ferve  to  inform  the  intelligent  prin- 
ciple of  what  paffes  in,  or  without  the  body, 
in  order  that  proper  meafures  may  be  adopted 

* One  reafon  why  fome  faline  fubftances  tafte  more  than  others, 
may  be,  their  difl'oh  ing.more  readily  and  copioufly  in  the  moifture 
of  the  tongue.  (See  page  107.) 

The  above  reafoning  feems  alfo  to  hold  good  with  regard  to  the 
organ  of  fmell. 


for 
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for  the  prefervation  and  happinefs  of  the  indi- 
vidual. 

Thus,  Vision  gives  information  concernino- 
ihings  at  a diftance,  which  the  other  fenfes  could 
take  no  cognizance  of.  It  alfo  acquaints  us  with 
the  objects  immediately  around,  in  a much 
quickei,  better,  and  more  accurate  manner  than 
the  other  fenfes  could.  To  this  l'enfe  objects 
appear  moft  delightfully  painted  with  a thoufand 
varieties  of  beautiful  colours,  all  which  they  are 
deftitute  of  naturally,  and  for  which  they  are 
indebted  to  the  eye  which  beholds  them.  Our 
happinefs  was  evidently  confulted  by  the  Great 
Creator  in  this  particular. 


Hearing  alfo  informs  us  of  things  at  a 
diftance,  and  in  many  inftances  where  fight  either 
could  not  at  all,  or  much  lefs  advantageoufiy. 
On  this  fenfe  likewife  the  whole  fyftem  of  lan- 
guage depends,  whereby  we  are  enabled  to  hold 
converfe  with  one  another,  and  from  whence  we 
derive  fuch  wonderful  advantages.  As  to  the 
eye,  bodies  are  indebted  for  the  beautiful  co- 
lours under  which  they  appear  to  us  by  that  fenfe 
fo  the  like  may  beoblerved  with  regard  to  mufic 
and  the  ear.  Mere  motions  or  tremors  of  the 
air,  are  by  means  of  this  fenfe  metamorphofed 
into  the  moft  ravifning  harmony.  Another  verv 
capital  inftance  of  our  happinefs  havino-  been 
confidered  by  the  Creator.  There  is  Zee" 

T greater 
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greater  charm  againft  the  evilsof  life  than  muiic, 
when  fkilfully  applied,  and  it  has  even  been 
introduced  into  medicine,  in  this  view,  with  fuc- 
cefs. 

Smelling  alfo  gives  us  notice  of  certain  qua- 
lities of  diftant  objects  which  could  not  othervvife 
be  known,  as  was  before  obferved. 

Thefe  three  fenfes  are,  naturally,  the  only  ones 
which  inform  us  of  what  pafies  without  the  body. 
By  thefe  we  are  timely  warned  of  an  evil,  or  ap- 
prized of  a goodj  and  fet  at  work  to  guard  againft 
the  one,  and  endeavour  to  obtain  the  other.  I 
Thefe  fenfes,  in  conjunction  with  the  others,  in- 
form us  alfo  of  the  qualities  of  bodies,  of  our 
food,  and  a number  of  other  circumftances,  not 
to  our  purpofe  to  relate,  and  hence  are  of  infi- 
nite fervice  in  the  arts,  as  well  as  in  the  ordinary 
.occurrences  of  life. 

Objects  of  Taste  operate  only  by  immediate 
contacY  with  the  tongue,  and  therefore  do  nor,, 
like  thofe  fpoken  of,  inform  us  of  what  pafies , 
'without  the  body.  Its  uie  is  to  examine,  toge- 
ther with  fm  el  ling,  the  qualities  of  the  food. 
This  fen fe,  as  well  as  that  of  fmell,  alfo  contri- 
bute to  our  happinefs,  by  metamorphofing  the 
adlions  of  mere  inanimate  particles  into  agreeable 
lenfations ; and  hence  we  are  led,  by  the  mere 
confideration  of  pleafure,  to  the  moil  neceftary 
ot  our  adtions,  that  of  taking  food; 

‘ ' - Bat 
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But  as  our  bodies,  from  the  continual  waite 
of  fluids,  have  occafion  tobe  frequently  rea  uited, 
nature  has  provided  a ftill  more  powerful  ftimu* 
lant,  or  incentive,  to  the  recruiting  the  body* 

I mean  the  fenfation  of  Hunger.  By  this  fenie 
we  are  informed  when  the  taking  of  nourifliment 
is  neceflary  : in  health  the  call  of  appetite  cor- 
refponds  exaftly  enough  with  the  wants  of  the 
fyftem  in  this  refpeft,  The  gaftric  juice,  whofe 
life  is  to  digeft  the  food,  being  continually  fe- 
creted,  it  follows  that  when  there  is  no  aliment 
in  the  ftomach  to  employ  it,  it  irritates  the 
flomach  itfelf,  giving  us  the  craving  fenfation 
of  hunger,  and  thereby  flimulating  us  to  eat*  in 
order  to  get  rid  of  that  uneafy  intruder.  Nor  will 
it  be  fatisfied  till  a due  quantity  of  food  is  taken. 

Thirst  is  inflituted  with  a flmilar  defiga 
to  hunger.  When  fluids  are  wanting  in  the  fyf- 
tem,  the  drynefs  of  the  throat  in  confequence 
thereof  produces  the  molefting  fenfation  of  third:* 
which  excites  us  to  the  aft  of  drinking,  in  order 
to  remove  it,  fo  that,  as  in  hunger,  our  plealure 
or  eafe  and  the  views  of  nature  are  at  the  fame 
time  obtained. 

Both  hunger  and  third  however,  are  liable  to 
be  perverted  by  ill  habits,  or  by  difeafe,  from 
the  views  originally  intended  by  them.  Thus, 
drunkards  and  gluttons  frequently  hunger  and 
third  when  nature  has  no  occafion  either  fof 
T a folid. 
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folid  or  fluid  aliment,  and  the  like  fometimes 
happens  from  their  being  vitiated  by  dileafe. 
The  contrary  of  this  likewife  alfo  often  takes 
place,  efpecially  with  regard  to  hunger;  it  nei- 
ther giving  notice  when  nature  requires  afupply, 
nor  is  the  ftomach,  through  weaknefs,  capable 
of  turning  the  food,  if  taken,  into  proper  nou- 
rifliment.  It  maybe  obferved  too,  that  when  a 
fever  takes  place,  nature  herfelf  providently 
deftroys  the  appetite,  in  order  to  prevent  an 
iucreale  of  the  diforder. 


Lust  was  implanted  in  the  body  with  a view 
to  Simulate  us  to  the  propagation  of  the  fpecies. 
A turgidnefs  of  the  feminal  veflels  produces  an 
uneafv  kind  of  fenfation,  which  provokes  us  to 
the  aft  of  copulation.  And  by  that  aft,  as  hap- 
pens with  regard  to  hunger  and  thirft,  we  at 
once  get  rid  of  the  importunity,  and  anfwer  the 
defign  of  nature.  The  passions  might  alfo  be 
confidered  as  fo  many  different  fenfes ; for  all  of 
them  have  their  organs  and  origins  in  the  body. 


The  fenfations  by  which  we  are  provoked  by 
the  contents  of  the  bladder  and  reftum,  to  empty 
thefe  vilcera,  may  alfo  be  confidered  as  diftinft 
fenfations,  for  thefe  refpeftive  purpofes.  Thefe 
fenfations  however,  as  well  as  thofe  of  hunger 
and  thirft,  feem  to  be  only  particular  modifica- 
tions of  feeling.  Perhaps  thofe  of  tafte  and  fmell 
are  alfo  in  the  lame  predicament. 

* • ' CHAP- 
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CHAPTER  XVL 

OF  SLEEP. 

H E difference  of  the  ftate  of  the  body  in 


fleeping  and  waking  is,  that  thofe  parts 
of  the  body  which  ferve  for  voluntary  motion 
in  waking,  as  alfo  the  organs  of  fenfation,  have 
their  faculties  fufpended  in  the  former  ftate.  At 
that  time,  none  but  the  vital  motions,  fecretions, 
and  other  functions  abfolutely  necelfary  to  the 
continuance  of  life,  but  which  are  wholly  inde- 
pendent on  the  will,  go  on.  Thus,  the  eye 
does  not  fee,  nor  the  ear  hear,  nor  the  fkin  feel 
at  that  time,  if  the  fleep  be  profound,  neither 
do  the  limbs  move,  though  the  will  commands* 
which  is  frequently  the  cafe  in  dreaming,  or 
imperfect  Jleep.  This  term  I give  it,  becaufe 
when  the  lleep  is  profound,  the  faculty  of  dream- 
ing alfo  becomes  dormant,  the  mind  being  afleep 
as  well  as  the  body.  The  mind  therefore  at 
thefe  times  is  not  only  unconfcious  of  what  is 
going  on  in,  and  without,  the  body,  but  the 
whole  animal,  confidered  as  a loco-motive  being, 
is  in  a manner  inanimate. 

This  alternation  of  fleeping  and  waking  is  ne- 
ccflary  in  order  to  repair  the  wafte  of  the  parts. 


For 
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For  nutrition  is  chiefly  performed  in  fleep  •,  and 
the  vital  ftrength  recruited.  Hence  the  injury 
which  the  body  derives  from  the  want  of  it-, 
hence  alfo  we  may  be  enabled  to  underftand  the 
medicinal  ufes  of  fleep,  which  in  cafes  of  long 
and  obftinate  watchfulnefs,  fhould  fometimes 
be  procured  even  by  artificial  means,  whether 
the  evil  beoccafioned  by  difeafe,  pain,  uneafinefs 
of  mind,  or  other  caufe. 

As  fleep  is  feldom  profound,  we  are  by  the 
alternation  of  this  ftate,  and  waking,  furnifhed 
with  an  agreeable  viciflitude,  a variety  of  fcene. 
for  moft  people,  during  the  former  ftate,  dream. 
We  are  then,  as  it  were,  in  a new  world.  The 
cares  of  life  are  forgot  for  a while,  and  we  awake 
to  real  a&ion  with  new  relifli  and  vigour. 

Delirium,  and  madnefs,  are  alfo  a kind  of 
dreaming,  the  ideas  in  both  cafes  appearing  to 
us  like  real  external  fenfations,  for  which  we  at 
the  time  miftake  them.  Thefe  however  are  t<* 
be  confidered  as  difeafes . 

CHAPTER  XVII. 

OF  GENERATION. 

HUMAN  beings  are  propagated  by  means 
of  feed  as  well  as  vegetables  •,  and  the  egg 
is  the  animal  feed.  In  botany  we  find,  that  male 
2 and 
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and  female  parts  are  necefiary  to  the  production 
of  plants  as  well  as  in  animals.  The  feed  itfelf 
is  in  the  female  part  of  the  flower,  or  in  the  fe- 
male flower,  where  the  male  and  female  flowers 
are  diftinCt.  But  the  pollen,  or  vivifying  prin- 
ciple from  the  male  part  or  flower,  is  abfolutely 
necefiary  to  rendering  that  feed  prolific,  and, 
with  which  being  duly  impregnated,  the  feed 
becomes  capable  of  producing  a new  plant.  So 
in  the  female  of  the  human  fpecies  the  egg,  the 
proper  bafis  of  human  feed  is  contained,  but 
never  becomes  perfect  unlefs  quickened  by  the 
vivifying  principle  from  the  male;  when  that  is 
done,  the  egg  or  feed  is  difpoled  to  produce  a 
young  animal.  In  oviparous  animals  the  egg, 
when  it  arrives  at  a certain  degree  of  perfe&ion, 
is  excluded  from  the  body,  covered  with  an  hard 
fhell  to  defend  it  from  injuries,  and  afterwards 
hatched  by  heat.  But  in  human  beings,  and 
thole  animals  which  are  termed  viviparous,  the 
egg  is  hatched  in  the  womb. 

In  the  female  of  the  human  fpecies  a monthly 
difeharge  of  bloody  matter  takes  place  in  the 
abfence  of  pregnancy  ; but  after  conception  that 
difeharge  generally  ceales,  it  being  then  turned 
to  the  nourifhmenc  of  the  foetus.  The  improper 
fuppreffion,  or  profuflon  of  this  difeharge,  often 
occafions  many  diforders,  efpecially  thofe  of  the 
by  Aerie  kind. 

T 4 
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CHAPTER  XVIII. 

OF  THE  PROGRESS  OF  LIFE,  AND  OF  DEATH. 

FROM  the  time  of  impregnation  of  the 
ovum  by  the  male,  till  the  birth,  the  young 
animal  in  the  egg,  is  continually  growing,  or 
increafing  in  fize.  From  the  time  of  the  birth 
it  alfo  continues  to  augment  in  bulk  till  it  arrives 
at  the  ftate  which  we  term  adult-,  and  which* 
in  an  human  being,  is  ufually  reckoned  about 
the  twentieth  year.  The  increafe  of  growth  is 
greateft  at  firfb,  and  is  afterwards  lefs  and  lefs 
rapid,  till  the  age  of  puberty  is  attained. 

The  reafon  of  this  increafe  of  fize  is,  that  the 
preflure  of  the  fluids  is  greater  than  the  refinance 
of  the  folids,  fo  that  the  latter  will  in  courfegive 
way,  or  expand  *.  For  in  youth  the  folids  are 
loft ; but  at  the  age  of  puberty  they  become 
harder  and  fufficiently  llrong  to  refill  any 
farther  dilation  by  the  preflure  of  the  fluids. 
They  afterwards  become  more  and  more  hard  j 
and  at  length  fo  dry  and  rigid,  that  they  are  no 
longer  fit  for  the  purpofes  of  the  motions  of  the 
fyfiem  whence  thole  motions,  and  of  courfe 
life,  which  depends  on  them,  ceale ; and  death 
doles  the  icene. 

* The  fluids  are  alfo  in  greater  proportion  to  the  folids  in 
youth  than  in  age. 
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CHAPTER  XIX. 

RECAPITULATION. 

FROM  what  has  been  faid,  the  reader  will 
perceive,  that  when  the  folids  and  fluids 
are  in  their  proper  ftates  and  proportions,  the 
aliment  good,  taken  in  due  quantity,  and  pro- 
perly digefted ; and  the  air  in  the  moft  perfeft 
flate  with  refped  to  denflty,  and  the  other  par- 
ticulars already  difcourfed  of,  the  circulation, 
fecretions,  and  other  animal  functions,  will  go 
on  to  the  belt  poflible  advantage  ; the  faculties 
of  both  mind  and  body  will  be  in  their  moll:  per- 
fect conditions,  and  a general  harmony  will  reign 
throughout  the  fyftem  ; this  conftitutes  health. 

On  the  contrary,  when  any  of  thefe  are  faulty, 
the  harmony  is  deftroyed,  and  diforder  takes 
place  in  the  fyftem  * and  the  diforder  is  greater, 
according  to  the  degree  of  the  defedt,  or  as  more 
of  thele  powers  concur  in  producing  it. 

Diforders  therefore  owe  their  origin  either  to 
food,  the  fyftem  itfelf,  or  to  the  air  : for  cafual- 
ties,  or  the  effedls  of  external  violence,  are  not 
here  confidered. 


Diforder 
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Diforder  may  be  introduced  by  food  feveral 
ways;  by  too  little  a quantity  thereof ; by  too 
much;  by  that  which  is  too  poor;  by  too  rich 
food  ; by  an  over  proportion  of  folid  to  fluid  ; 
by  too  great  a proportion  of  liquid ; and  by 
improper  food,  either  confidered  in  itfelf,  or 
varied  in  all  the  preceding  cafes. 

The  confequences  of  taking  too  little  food, 
even  of  that  which  is  proper,  are  too  obvious  to 
need  pointing  out.  A wafte  of  the  body,  vveak- 
nefs,  and  at  length  a fever,  ariflng  from  the 
gaftric  juices,  which  fhould  be  employed  in  di- 
gefting  the  food,  getting  with  the  little  chyle 
that  is  made  into  the  fyftem.  An  encreafed  al- 
lowance of  food,  is  ufually  the  belt  remedy  in 
this  cafe. 

' Food  in  too  great  quantity  produces  a ple- 
thora, or  over  fulnefs  of  the  veflels,  and  alfo 
, crude  or  imperfedt  juices,.  the  ftomach  taking 
in  more  than  it  can  properly  digefl:.  Hence  what 
are  vulgarly  called  humours  in  the  blood,  and 
the  eruptions  in  confequence  of  thefe ; gouty, 
and  other  chronic  complaints,  fevers,  a decay 
of  vital  ftrength,  from  a general  weaknefs  of 
the  over-ftrained  fibres;  and  at  length  indigef- 
tion,  and  lofs  of  appetite,  the  ftomach,  from  the 
frequent  over  diftentionjofing  its  digeflive  power. 
The  mere  plethora  may  be  relieved  by  bleeding, 
evacuation',  and  reftri&ion  to  a due  quantity 
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of  food.  The  other  complaints  by  the  lame 
means,  in  conjunction  with  thole  ufually  pre- 
ferred for  the  relpeCtive  maladies. 

A poor,  and  rich  diet  produce  effeCts  fimilar 
to  the  above  •,  and,  if  taken  in  the  lame  pro- 
portion, in  a more  eminent  degree. 

If  the  folid  food  be  in  too  great  proportion  to 
liquid,  the  btood  will  be  apt  to  be  too  thick, 
and  therefore  will  not  circulate  lb  freely  as  it 
ought,  and  the  fecretions,  and  perfpiration  will 
alfo  be  impeded.  Hence  ftagnations  of  the  fluids, 
obftructions,  and  the  diforders  arifing  from 
them.  An  excefs  of  liquid  food,  I. mean  if  too 
watery,  will  occafion  a contrary  ftate  of  the 
blood,  and  the  diforders  confequent  thereupon. 

The  diforders  arifing  from  improper,  or  bad 
food,  will  be  various  according  to  its  nature. 
Thus,  putrid  fait  proviflon  produces  the  l'curvy, 
plants  of  various  kinds  occafion  different  fpecies 
of  diforders,  and  fome  of  them  almoft  inftant 
death,  whence  they  are  termed  poifons ; and  fo 
of  others.  Philofophy  has  not  yet  arrived  at  a 
luflicient  knowledge  of  the  theory  of  aliment,  to 
determine  a priori  on  thefe  matters,  though 
from  the  improvements  and  difcoveries  almoft 
daily  making  by  the  inquilitive,  there  is  reafon 
to  hope  for  greater  certainty,  and  that  this  part 
ol  phyfiology  will  alfo  in  time  be  reduced  to  a 

fcience. 
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fcience.  We  know  that  the  food  that  we  take 
muft,  among  other  principles,  contain  a due 
proportion  of  phlogifton  in  a ftate  proper  for 
aflimilation.  And  hence  it  feems  to  be,  that  ani- 
mal food  is  in  general  beft  for  nutrition ; and 
next  to  .that  vegetable.  There  are  few  animals 
but  what  might  be  made  ufe  of  as  food.  The 
vegetables  proper  for  diet  are  far  lefs  numerous. 
But  a proper  mixture  of  animal  and  vegetable 
food  is  found  to  be  molt  conducive  to  health. 

The  diforders  liable  to  be  produced  in  the 
fyftem  by  the  different  Hates  of  the  air  were  fpo- 
ken  of  in  the  Xillth  chapter,  and  therefore  need 
not  be  repeated. 

Thofe  arifing  from  the  fyftem  itfelf  are  pro- 
duced, i.  By  the  paffions  •,  of  which  we  treated 
before.  2.  By  tod  violent  exertion,  or  exercifej 
and,  3.  By  a fedentary  life,  and  too  much  deep. 

The  effe£ts  of  over  exertion,  and  continued 
fatigue  on  the  fyftem  are  to  ftrain,  wear  out, 
and  relax  the  fibres,  and  occafion  too  great  an 
hurry  and  irregularity  in  the  circulation  and 
fecretions,  and  this  is  alfo  commonly  joined  with 
an  anxious  ftate  of  mind.  From  hence  confump- 
tions,  fevers,  and  other  fimilar  complaints  arife.. 

On  the  contrary,  want  of  exercife,  and  an 
over  indulgence  of  Beep,  efpecially  if  accom- 
panied with  a tranquil  mind  and  full  diet,  is  apt 
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to  produce  plethora,  crudities,  and  corpulency, 
with  their  confequences.  But  when  a fedentary 
life  is  joined  with  hard  ftudy,  and  abftemious 
living,  the  oppofite  effeCts  are  more  apt  to  be  pro* 
duced,  ftudy  being  a real  exercife,  and  injures 
the  vital  powers  even  more  than  that. 

Many  diforders  may  alfo  be  called  diforders 
of  the  body,  which  originally  took  their  rife  from 
irregularity  with  refpeCt  to  food,  the  ftate  of  the 
air,  or  other  caufe.  For  example,  when  a o-e- 
neral  relaxation  of  the  fibres  obtains,  we  are  to 
confider  it  only  as  a diforder  of  the  body,  with- 
out regard  to  its  original  caufe,  efpecially  if 
that  caufe  no  longer  operates  ; and  the  intention 
by  medicine  muft  be  to  reftore  the  tone  of  thefe 
fibres  by  bracing  medicines,  and  a proper  regi- 
men. But  if  the  caufe  of  the  diforder  remains, 
the  firft  ftep  mufl  be  to  remove  it.  Thus,  if 
by  cold  air,  or  otherwife,  perforation  be  ob- 
ftru&ed,  and  a fever  occafioned,  we  are  firft  to 
remove  the  external  caufe,  and  then  by  diapho- 
retic and  attenuating  remedies,  &c.  reftore  per- 
fpi ration.  The  like  may  be  obferved  of  many 
other  difeafed  ftates  of  the  body. 

The  fcience  of  medicine  is  not  yet  arrived  at 
fuch  a ftate  of  perfection  as  to  enable  us  to  rea- 
fon  about  the  manner  of  operation  of  medicine 
in  general,  any  more  than  we  can  about  the  caufes 
and  progrefs  of  difeafes  in  many  cafes ; l'o  that 

much 
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much  mu (l  be  left  to  accurate  obfervation  ; and 
our  conduct  muft  be  regulated  by  the  paft  ex- 
perience of  others,  and  our  own ; hence  the 
great  ufe  of  practical  writings  in  medicine.  Yet 
our  knowledge  in  this  way  is  very  confiderable, 
and  in  molt  cafes  fufficient.  Thus,  when  from 
a knowledge  of  the  caufe  of  a difeafe,  we  know 
alfo  that  any  particular  evacuation  will  cure  it, 
we  can,  in  general,  with  certainty  produce  that 
• evacuation,  even  as  a mechanic  can  produce  a 
defired  effedt  bywa  known  adequate  caufe.  If,  for 
example,  we  would  purge,  v;e  not  only  know 
what  medicines  will  procure  that  evacuation, 
but  have  our  choice  of  a variety  of  them,  which 
are  known  to  produce  different  effects  in  that 
way,  according  to  the  end  to  be  anfwered.  Thus, 
manna  is  merely  folutive,  but  jalap  powerfully 
evacuates  alfo  the  vafcular  fyftem,  and  fo  of 
others.  The  like  may  be  obferved  of  emetics, 
diuretics,  fudorifics,  and  thofe  which  encreale 
other  evacuations.  Solikewile  we  can  leffen  one 
.evacuation  by  encreafing  another.  If  tonics  are 
wanted,  we  have  our  choice  of  a like  variety. 
And  the  fame  may  be  obferved  of  attenuants, 
and  thofe  for  other  intentions.  We  even  know 
the  manner  in  which  fome  of  thefe  remedies  adt ; 
Thus,  an  emetic  adts  by  vellicating  the  fibres  of 
the  mufcularcoat  of  the  ffomach,  thereby  excit- 
ing it  into  contraction,  whereby  the  contents  of 
that  vifc us  are  expelled.  A cathartic  adts  in  a 
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fimilar  manner  on  the  guts,  and  alfo,  by  irritat- 
ing their  fmall  glands,  occafions  an  emft'eafe  of 
their  fecretions ; whence  the  liquid  part  of  the 
difcharge.  The  operation  of  other  medicines 
have  alfo  been  rationally  accounted  for  by  me- 
dical writers.  But  yet  to  know  how,  or  in  what 
manner , thefe  medicines  produce  thefe  effects, 
would  be  of  little  other  avail  than  to  gratify 
curiofity  all  that  we  have  occalion  to  know  is, 
that  they  will  have  thefe  ejfehls  and  our  know- 
ledge in  this  refpeft  may  be  confidered  as  real 
fcience.  The  fkill  of  a phyfician  confifts  in 
acquiring  a knowledge  of  the  caufe  and  flare  of 
a diforder;  and  that  will  point  out  to  him  the 
remedies  proper  to  be  adminiflered,  at  lead  in 
cafes  which  are  relievable  by  medicine. 

We  are  even  more  perfect  in  this  branch  of 
the  medical  art  than  in  that  of  the  knowledge 
of  the  difeafes  themfelves,  many  of  which  arife 
from  caufes  that  do  not  fall  under  the  nature 
of  our  fcnfes ; as  from  qualities  of  the  fluids, 
the  air1,  &c.  which  philofophy  has  not  yet 
enabled  us  to  afcertain  ; in  thefe  cafes,  till  we 
are  better  informed,  experience,  and  atten- 
tive obfervation  mull  be  our  chiefefl  guides. 
But  there  are  a variety  of  cafes  in  which  we  are 
able  to  acquire  a knowledge  of  thediforder  with 
fuflicient  certainty.  Thus  the  caufes  of  difeafes 
with  refpedt  to  plethora,  fever,  and  the  like, 
are  difcoverablc  with  accuracy  by  the  pulfe.  A 
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relaxed  ftate  of  the  fibres  by  the  weakrjefs  and 
laifitudc  of  the  body,  a diminilhed  perfpiration 
by  the  ufual  fymptoms  of  a cold  * and  if  any 
doubt  arifeth  with  regard  to  the  ftate  of  the  blood, 
the  opening  a vein  will  ufually  fatisfy  us.  In 
many  other  cafes  alfo  the  like  certainty  may  be 
obtained.  But  I meant  only  to  inftrudt  the  rea- 
der in  philofopby whereas  I am  now  trelpafiing 
on  the  bounds  of  the  practice  of  phyfic •,  I fhall 
not  therefore  any  longer  detain  him  on  that  head. 
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SEveral  particulars  relating  to  the  fubje&s 
treated  of  in  this  work  having  occurred  to  7 
me,  and  fome  of  them  not  being  fo  proper  to  be 
inferted  in  the  body  of  an  elementary  work,  I 
have  judged  it  more  proper  to  place  them  at  the 
end,  by  way  of  notes  ; I have  done  it  in  this  trea- 
tife,  becaufe  I do  not  know  when  I may  have  lei*- 
fure  to  trouble  the  public  in  print  again. 

Page  47.  Common  air  is  a mixture  of  phlogif- 
tated  and  dephlogifticated  airs.  When  phlogif- 
ton  is  added  to  dephlogifticated  air,  not  fufficient 
to  faturate  the  whole,  each  particle  of  air  is  not 
-partly  phlogifticated,  but  a certain  number  of 
particles  are  compleatly  phlogifticated  ; the  reft 
remaining  pure  air : fimilar  to  what  happens 
when  a little  acid  is  added  to  much  alkali,  the 
mixture  being  then  neutral  fait  and  pure  alkali  *, 
or  as  when  a little  iron  is  added  to  a large  quan- 
tity of  folution  of  copper. 

Page  56.  If  the^mr^r/ibedephlogifticatedf 
it  cannot  be  made  to  aflame  the  form  of  air.  The 
dephlogifticated  marine  acid  diflolves  gold  ; and 
aqua  regia  diflolves  that  metal  only  becaufe  the 
marine  acid  in  it  is  dephlogifticated  by  the  nitrous 
acid. 
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Page  72.  Profeffor  Bergman  has  found  that 
fpirit  of  wine  contains  the  faccbarine  acid , with 
fixed  air , 

Page  83  and  84.  The  dodtrine  of  phlogidort 
leffening  the  capacities  of  bodies  for  containing 
heat,  as  dated  by  Dr.  Crawford,  has  been  oppofed 
with  great  force  of  argument  by  Mr.  Morgan, 
and  others,  who  cannot  find  that  the  capacities  of 
bodies  for  containing  heat  are  fo  greatly  altered 
by  means  of  phlogidon  as  Dr.  Crawford  pre- 
tends to  have  found  by  experiments.  Perhaps 
the  following  confiderations  will  tend,  in  fome 
meafure,  to  clear  up  this  matter. 

I am  inclined  to  think  that  the  heat  in  com- 
budion  comes  from  the  air,  as  I formerly  fuggeft- 
cd  * ; but  yet  I think  that  we  mud  confider  heat,  j 
or  fire  in  two  different  Jlates.  When  it  is  fet  free, 
it  then  manifeds  itfelf  as  heat  j becomes  fenfible  j 
to  the  feeling,  and  the  thermometer  j and  dif- 
ferent bodies  have  different  capacities  for  con- 
taining it,  the  fame  as  they  have  for  containing  j 
moijlure.  A fpunge,  for  example,  has  a greater  I 
capacity  for  containing  water,  or  moijlure , than  ) 

* Though  phlogifton  (or  the  inflammable  body)  may  extricate  j 
heat  from  air  and  fome  other  fubjlances,  it  may  not  from  all-  j 
The  fixed  alcali  extricates  the  calcareous  earth  from  many  l'ub-  j 
itances ; but  there  are  others  to  which  it  has  a lei’s  affinity  ! han't 
that  earth ; and  there  are  other  inftances  of  the  kind  to  be  met  j 
with  in  ehemiftry.  On  the  following  theory  alio  the  capacity  of  3 I 
body  for  containing  heat,  does  not  depend  on  its  quantity  of  | , 
phlogifton.  Pll  . 
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ivory  or  wood.  But  when  fire  is  chemically  com- 
bined with  bodies,  it  then,  I think  entirely  lofes 
its  property  of  heat , even  as  water  does  that  of 
moijlure  when  combined  in  quicklime,  or  guaia- 
cum  wood.  It  is  then  no  longer  fenfible  to  the  feel- 
ing, or  the  thermometer,  any  more  than  moifture 
in  like  circumstances  is  to  the  hygrometer,  and 
of  courfe  is  by  no  means  difcoverable  by  the  me- 
thods of  finding  the  capacities  of  bodies  for  con- 
taining difengaged  fire, -or  heat.  This  difference 
is  fo  very  obvious,  that  I wonder  it  had  not  oc- 
curred to  me  before. 

A body  therefore  may  contain  an  immenfe 
quantity  of  fire,  in  a fixed,  or  combined  ft  ate,  and 
yet  its  capacity  for  containing  heat  may  be  very 
little.  When  that  fire  is  difengaged,  and  fet  loofe 
by  the  addition  of  phlogifton,  or  otherwife,  it 
fhall  then  occafion  a very  intenfe  heat , and  yet 
its  capacity  for  containing  heat  fhall  not  be  found 
to  be  leffened ; it  may  even  be  encreafed. 

The  capacity  of  nitre,  for  example,  is  much 
lefs  than  that  of  water  j yet  when  nitre  is  mixed 
with  a combuftible  body,  and  fired  by  a fpark 
which  may  be  confidered  as  nothing  (for  the  leaft 
fpark  will  equally  fire  an  1 00  weight,  and  a grain,) 
a very  great  degree  of  heat  indeed  is  generated. 
I cannot  find  however,  that  the  capacity  of  the 
refiduum,of  theClyffus,  or  of  the  air  generated, 
is  lefs  than  that  of  the  mixture  was  before  the 
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conflagration  j and  that  no  heat  was  abforbed  From 
the  neighbouring  bodies  is  evident,  becaufe  the 
conflagration  happened  aimoftin  an  inftant;  and 
bodies  are  a long  time  in  imbibing  heat  from 
the  furrounding  fubftances,  as  is  evident  from 
a mixture  of  fpirit  of  nitre,  and  fnow ; the  ca- 
pacity of  which  being  increafed,  does  not  become 
faturated  till  after  a very  confiderable  time. 

No  one,  however,  will  difpute  that  the  heat 
in  the  above  inftances  came  from  the  mixture  of 
the  nitre  and  the  inflammable  body,  and  I account 
for  it  by  fappofing  that  the  latter  difplaces  the 
fire  chemically  combined  in  the  acid  (or  dephlogif- 
ticated  air)  of  the  former ; all  of  which  (except 
perhaps  what  the  inflammable  body  abforbs  in 
lieu  of  its  phlogifton)  becomes  then  difengaged 
fire,  or  fen  Able  heat , agreeable  to  the  theory 
above  premifed ; and  which  I was  led  to  by  the 
conflderation  of  the  analogy  of  water  or  moijiare 
in  like  circumftances. 

Though  therefore  Mr.  Morgan,  and  others, 
have  found  that  phlogijlicated  and  dephlGgiJlicated 
airs  have  not  their  capacities  for  containing  heat 
fenfibly  different,  the  latter  may  neverthelefs 
contain  a very  great  quantity  of  fire  in  a ltate  of 
chemical  combination  and  its  being  extricated 
by  the  inflammable  body  may  be  the  principle 
on  which  the  heat  in  combuftion  depends.  The 
like  may  be  obferved  with  refpect  to  animal  heaty 
&c. 
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If  it  be  contended  that  the  phlogifton  itfelf, 
when  difengaged,  is  heat , and  that  it  is  difen- 
gaged  by  the  pure  air , or  other  principle,  at- 
tracted by  the  balls  of  the  inflammable  body,  the 
argument  will  ftill  hold  good,  viz.  “ That  the 
“ phlogifton,  while  in  its  ftate  of  chemical  com- 
“ bination , is  not  difcoverable  by  the  methods 
“ whereby  we  deteCt  the  capacities  of  bodies  for 
“ containing  heat.”  But  the  former  opinion  is 
that  to  which  I am  rather  inclined. 

I cannot  but  add  however,  that  I have  lately 
learnt  that  it  is  the  opinion  of  M.  Lavoifler,  and 
others,  that  there  is  no  fuch  thing  as  phh- 
gifion , in  the  fenfe  in  which  we  ule  the  word. 
They  account  for  combuflion  by  faying,  that 
the  dephlogifticated  air  unites  with  the  inflam- 
mable body  j and  hence  the  increafeof  weight  of 
the  calces  of  metals,  and  of  the  acids  of  phofl* 
p'norus  and  fulphur,  &c.  They  even  explain 
the  acidity  of  thefe  acids  by  imputing  it  to  the 
dephlogifticated  air  combined  with  the  inflam- 
mable fubftance. 

I am  inclined  to  think  therefore,  that  dephlo- 
gifticated air  is  th  t principle  of  acidity,  neutralized 
with  fire.  That  the  inflammable  body  difplaces 
the  latter  from  the  former,  which  it  attracts  by 
a fuperior  affinity  ; and  hence  the  heat , and  di- 
minution of  air  in  thefe  cafes,  as  well  as  the  in- 
creafe  of  weight , acidity,  &c.  Hence  alfo  de- 
ll 3 phlo- 
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phlogifticated  air  may  be  recovered  from  the:  j 
acid,  when  properly  circumftanced,  by  means  of 
an  intenfe  heat.  But  I mean  to  confider  this  ] 
matter,  and  alfo  the  queftion  concerning  the 
exigence  of  pldogifton,  more  attentively  at  my  i 
leifure. 

Page  85.  Heat  has  hitherto  been  generally  1 
confidered  as  an  agent.  Ought  it  not  rather  to  be. 
confidered  as  a principle  ? For  example,  when  we: 
find  that  cold  water  will  not  diflolve  cream  of  tar--  • 
tar,  but  that  hot  water  will,  ought  it  not  to  be  faid! 
that  water  alone  is  incapable  of  diffolvibg  that.  ' 
fair,  but  that  it  is  rendered  capable  of  it  by  the  in- 
tervention of  a lufficient  quantity  of  heat  or  Jire  ? ( 
— So  water  will  not  unite  with  oil ; but  if  am  ■ 
alcali  be  added,  it  will;  the  alcali,  being  attraded: 
by  both,  adingasan  intermedium.  If  the  alcali. 
be  withdrawn  from  the  compound,  the  union  is: 
dilTolved,  and  the  water  and  oil  feparate.  So  ifr 
the  above  folution  be  expofed  to  the  cold,  the. 
fire,  or  heat,  which  ferved  as  an  intermedium,, 
being  attraded  away  by  the  furrounding  bodies, 
the  water,  and  fait,  feparate.  In  fome  cafes  the 
heat  is  fo  ftrongly  retained,  or  fixed  in  the  com- 
pound, that  no  decompofition  takes  place  on  - 
expofure  to  cold,  the  furrounding  bodies  not 
having  power  to  attrad  away  the  heat  or  Jire  fa 
fixed.  The  like  may  be  obierved  of  bodies  not 
burning  but  in  a certain  degree  of  heat ; and  of 

many 
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jnany  other  inftances  to  be  met  with  in  ckemiftry. 
Again,  heat  or  fire  decompoies  many  compounds. 
Isit  notbecaufepneof  the  ingredients  has  agreater 
affinity  with  it  than  with  the  principle  it  is  already 
united  with  ? The  fire  or  hear,  in  fome  cafel^  is 
attra&ed  away  by  the  neighbouring  bodies  on  ex- 
pofure  to  cold,  and  the  body  is  again  capable  of 
uniting  with  the  principle  that  was  expelled  by 
the  heat  but  in  other  cafes  this  does  not  hap- 
pen. Heat  or  fire  therefore  feems  to  adl  in  the 
fame  manner  as  other  chemical  principles. — 
If  vitriolic  acid  be  combined  with  water,  its  acti- 
vity is  very  great.  If  it  be  transferred  to  metals, 
earths,  &c.  its  activity  becomes  lefs  and  lefs,  till 
at  length  it  is  imperceptible.  If  the  fame  quan- 
tity of  fire  be  transferred  from  fome  bodies,  to 
others,  in  a like  fuccefiion,  according  to  their 
capacities  for  containing  heat , the  a&ivity  of  this 
principle  is,  in  like  manner,  decreafed.  For  fire  to 
appear  as  heat  therefore,  muft  it  not  be  difiblved 
in  bodies  ? And  is  not  its  activity  more  re- 
trained, in  proportion  as  bodies  attract  it  more 
fcrongly  ? The  dilpute  “whether  heat  be  a quality , 
“ or  a fubfiancefi  may,  perhaps,  be  fettled  by  thcfe 
confiderations. — If  vitriolic  acid  air  be  added  to 
water,  it  will  be  difiblved;  and  the  water  will  be 
more  ftrongly  impregnated  with  its  acid  virtue  as 
more  is  added  •,  but  when  the  water  is  faturated, 
the  acid  flies  off  in  the  form  of  air.  If  fire  be  added 
to  a body,  it  is  diffolved  by  it,  and  thereby  confti- 

U 4 tutes 
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tutes  heat,  which  is  greater,  in  proportion  to  the 
quantity  of  fire  fo  diffolved?  But  if  the  fire  be 
added  beyond  a certain  proportion,  does  it  not 
fly  off  in  the  form  of  light?  (The  red-making 
particles  firft,  and  the  others  afterwards  ? *) 

Page  85.  In  addition  to  the  note  at  the  bot- 
tom, it  may  be  obferved,  that  it  has  been  found 
by  a foreign  philofopher,  that  folid  bodies  ex- 
panded by  force , break  exactly  at  that  point  of 
expanfion  at  which  they  would  become  fluid  by 
beat.  But  I have  even  yet  no  decided  opinion 
in  regard  to  the  hypOthefis  fuggefted  in  that 
note. 

Page  102.  It  may  be  added,  that  fermentation, 
putrefadtion,  &c.  are  the  great  means  employed 
by  nature  for  refolving  animal  and  vegetable 
bodies  into  their  principles. 

Page  107  and  112.  See  alfo  note,  p.272. 

Page  219.  The  elajlicity  of  mufcular  fibres  is 
independent  of  their  irritability.  The  mufcles 
of  fome  fifhes,  &:c.  are  not  elaftic,  or  but  very 
little  fo.  Where  much  firength  is  wanted,  elaf- 
ticity  is  bellowed.  Thus,  the  mufcles  of  the  leg 

of 

* Tims  alfo  light  heats  bodies. If  eleflricity,  in  defines, 

amdenfes  into  light,  and  dijfol'vcs  into  heat,  (as  'vapor,  by  cold, 
returns  to  'Mater)  does  it  not  argue  that  light,  heat,  and  elefiricity, 
arc  the  fame  principle,  only  in  different  circumflarices  ? I mean  to 
. confsder  this  fubjed  all'of  more  particularly  at  my  Icifure, 
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of  a bullock  are  more  elaftic  than  thofe  of  the 
buttock  i of  a fmall  fifh,  than  a horfe,  &c. 

Page  22r.  The  mufcles  ferved  by  the  fecond 
and  third  fets  of  nerves  are  now  defined  by  phy- 
fiologifts  as  having,  the  one  original  motion,  the 
other  voluntary  motion,  or  depending  on  the 
brain. 

Page  222.  On  the  meeting  or  union  of  nerves 
ferving  different  parts,  as  in  ganglions,  &c.  the 
fympathy  of  parts  with  one  another  feems  to 
depend. 

■ • : V 

Page  250.  The- dark  red  colour  of  the  ve- 
nous blood  feems,  by.  comparing  it  with  the 
colours  of  a foap-bubble,  to  be  of  the firfi  order, 
that  of  blood  reddened  by  air  of  the  fecond , the 
direft  contrary  to  what  we  might  expect  from 
this  dodrine.  This  led  me  to  afk,  whether  the 
blood  does  not  acquire  fome  principle  from  the 
air  in  lieu  of  its  phlogifton,  fo  as  even  to  make 
the  particles  larger  than  they  were  before. 
When  white  metals  are  calcined,  their  colours 
are  changed  from  the  white  of  the  firfi  order  to 
fome  colour  which  argues  a greater  thicknefs  of 
the  particles.  And  it  is  now  known  that  they 
attraft  pure  air,  or  fome  other,  from  the  atmo- 
fphere  in  lieu  of  their  phlogifton,  by  means  of  a 

double 


double  affinity,  and  thereby  become  heavier  thart 
before.  The  latter  is  alfo  the  cafe  with  the 
acids  of  phofphorus,  and  of  fulphur,  as  already 
obferved.  It  feemed  to  me,  from  the  above 
change  of  colour,  that  the  cafe  was  the  fame 
with  the  blood.  Is  it  not  dephlogijticated  air 
that  is  thus  attracted  by  the  blood  ? For  that 
is  the  principle  which  the  air  lofes  by  refpira- 
tion  *. 

If  this  be  the  cafe,  animal  heat  may  be  ac- 
counted for  in  the  following  manner.  Dephlo- 
gifticated  air  is  attrafted  by  the  blood  in  the 
lungs  in  its  undecompofed fiate  hence  the  redder 

colour  f.  As  the  blood  circulates  in  the  body, 
this  dephlogifticated  air  is  decompofed.  Its  acid 
principle,  or  bafis,  unites  with  the  phlogif- 
ton,  or  light,  from  the  nerves  or  fibres,  if 
the  theory  of  motion  formerly  fuggefted  be 
true,  or  elfe  is  attracted  by  means  of  a fuperior 
affinity,  into  the  fibres,  or  other  parts  of  the 

* When  blood  is  firft  drawn  from  the  veins,  it  is  of  a dark 
red  colour.  By  expofure  to  air,  it  becomes  florid.  But  when 
it  begins  to  putrefy,  it  becomes  dark  coloured  again.  It  has 
been  faid  that  the  globules  are  broken  down,  but  ought  we  not 
rather  to  fay,  that  they  are  revived  (by  tine  phlogifton  difengaged 
by  the  putrefaftion,)  and  that  like  metals,  they  then  give  out  again, 
the  air  they  had  attracted  in  lieu  of  their  phlogifton  ? This,  how- 
ever, is  offered  as  a mere  conjecture. 

. 

j-  Nitre,  and  other  faline  matters,  alfo  redden  blood. 
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fyftem,  and  its  fire  being  thereby  fet  free,  occa- 
fions  the  heat  of  the  blood  *. 

When  animals  are  placed  in  a higher  tempe- 
rature they  generate  lefs  heat  than  when  placed 
in  a colder  one.  Dr.  Crawford  has  found  that 
the  colour  of  the  venous  blood  is  more  florid  in 
the  former  cafe  than  in  the  latter ; had  not  lefs 
dephlogifticated  air  in  the  blood  therefore  been 
decompofed,  and  of  courfe  lefs  heat  generated  ? 
This,  together  with  the  difference  of  evaporation 
by  the  lungs,  and  furface  of  the  body,  in  thefe 
cafes,  feems  to  account  for  animals  always  pre- 
ferring the  fame  temperature. 

But  the  mere  cauflng  of  animal  heat,  does  not 
by  any  means  feem  to  account  for  refpiration 
being  fo  abfolutely  neceflary  to  life  that  an  ani-  . 
mal  cannot  exifl:  even  a few  minutes  without  it. 
Befides  animal  heat  therefore,  I had  formerly 
ventured  to  fuggeft  whether  animal  motion,  or  the 
action  of  the  mufcular  fibres,  on  which  the  cir- 
culation and  life  immediately  depend,  was  not 
alfo  connected  with  this  funftibn  ? The  follow- 
ing is  alfo  fubmitted  to  the  reader. 

The  heat  of  animals  feems  to  be  in  proportion 
to  the  quantity  of  air  which  they  breathe.  The 
quantity  of  air  breathed,  or  in  other  words,  the 

* Or  does  the  air  extricate  the  phlogjfton  from  the  nerves,  fibres, 

or  other  parts,  in  the  form  of  heat  l If  it  be  true  that  phlogifton  is 
fixed  heat. 


quantity 
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quantity  of  dephlogifticated  air  contained  in  the  t'n 
arterial  blood  of  animals,  feems  to  be  in  the  di - tii 

reft  proportion  to  their  heat , and  in  the  inverfe  t; 
proportion  to  the  irritability , or  difpofition  to 
contraction  in  the  moving  fibres.  Thus,  fifties 
breathe  lefs  air  than  amphibiae  *,  and  thofe  lefs  1 
than  land  animals ; and  their  irritability  is,  I 
think,  held  to  be  in  the  contrary  order ; for  j ^ 
which  reafon  alfo,  it  feems  to  be  that  the  motion 
or  pulle  of  the  blood  in  the  aortic  fyftem  is  lefs 
in  fifties  than  in  land  animals,  fo  as  to  give  lefs 

° f'j 

ftimulus  to  their  fibres. 

• 

To  animal  motion  two  things  are  known  to 
be  effentially  neceffary,  viz.  irritability  in  the  b 

fibres , and  a ftimulus  in  the  blood.  The  great  and  b 
principal  ftimulus  employed  by  nature  in  the  F 
blood  is  heat.  The  influence  of  this  ftimulus  is  * 
obvious  from  hence,  that,  if  the  heat  of  the  blood 
be  encreafed  (as  in  fevers)  the  adtion  of  the  fibres 
is  alfo  encreafed,  and  vice  verfa.  Heat  therefore 
is  abfolutely  neceffary  to  the  continuance  of  the  vital 
motions  -f.  And  we  alfo  find  that  the  heat  is  in  the 
inverfe  proportion  to  the  irritability , as  hath  al- 
ready been  obferved.  But  to  fupply  this  heat, 

* In  this  clafs  of  animals,  only  part  of  the  blood  goes  to  the 
lungs,  and  on  its  return  is  mixed  and  diluted  with  the  remainder 
«f  the  mafs. 

-f-  The  voluntary  mufcles  require  an  additional  ftimulus  from 
the  brain  or  nerves.  Yet  they  muft  be  previoufty  prepared  for  the 
aftion  of  that  ftimulus,  by  beat.  See EJfajs  on  Pbyfiological  SubjeSls. 


refpira- 
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refpiration  is  neceflary  ? and  this  feems  to  (heW, 
that  refpiration  fupports  life  by  means  of  con- 
tinuing the  vital  and  other  motions  of  the  body  on 
the  principle  above  defcribed. 

In  fupport  of  this  opinion,  it  may  be  obferved, 
that  the  heat  (at  leaft  the  fummer  heat)  of  the 
atmofphere,  is  fufficient  for  the  animation  of 
fome  infefts,  &c.  and  hence  they  have  no 
lungs. 

The  chicle  in  ovo  is  heated  and  animated  by 
external  warmth,  and  therefore  its  breathing  is 
not  required.  The  fame  is  partly  * the  cafe 
with  the  foetus  in  utero.  Hence  after  birth, 
breathing  is  abfolutely  neceflary  to  both.  Thefe 
inftances  feem  to  demonftrate  that  motion  is  de- 
pendent on  heat,  and  heat  on  refpiration,  as 
above  fuggefted 

Many  other  arguments  might  be  offered  in 
fupport  of  this  theory,  which  (at  leafl:  as  far  as 
concerns  the  connexion  of  refpiration  with  heat, 
and  the  ftimulus  to  involuntary  motion)  feems 
perfeftly  Ample  and  obvious.  If  the  doftrine 
be  true,  the  fpecific  power  of  the  blood  in  at- 

* The  blood  of  the  foetus  may  alfo  receive  a fmall  portion  of 
pure  air  (and  of  courfe  latent  heat)  from  the  mother,  by  means 
of  the  umbilical  velfels. 

f The  heat  of  animals  is  alfo  of  ufe  to  liquefy  their  blood  and 
juices ; but  this  does  not  feem  by  any  means  to  be  the  grand  ufe 
of  heat. 
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trading  pure  air  in  the  lungs,  and  of  parting  j 
with  it  fo  as  to  be  decompofed  in  the  body,  the 
‘variations  of  that  power,  and  their  effeds  on  the 
vital  motions,  &c.  will  probably  conftitute  a 
very  important  confideration  in  phyfic.  But  all 
this  is  fpoken  with  fubmifiion  to  better  judges. 
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Lately  publijhed , by  the  Author  of  the  preceding 

Work. 

I.  The  Medical  Pocicet-Book.  Containing 
a fliort  but  plain  Account  of  the  Symptoms, 
Caufes,  and  Methods  of  Cure,  of  the  Difeafes 
incident  to  the  Human  Body,  including  fuch  as 
require  furgical  Treatment:  together  with  the 
Virtues  and  Dofes  of  medicinal  Compofitions 
and  Simples.  Extracted  from  the  belt  Authors, 
and  digefted  into  alphabetical  Order.  2s.  fewed. 

II.  An  Account  of  the  Nature  and  Medicinal 
Virtues  of  the  principal  Mineral  Waters  of  Great 
Britain  and  Ireland,  and  thole  mod:  in  Repute 
on  the  Continent.  To  which  are  prefixed,  Di- 
rections for  impregnating  water  with  fixed  Air, 
in  order  to  communicate  to  it  the  peculiar  Virtues 
of  Pyrmont  Water,  and  other  Mineral  Waters  of 
a fimilar  Nature,  extracted  from  Dr.  Prieftley’s 
Experiments  on  Air,  with  an  Appendix,  con- 
taining a Defcription  of  Dr.  Nooth’s  Apparatus, 
with  the  Improvements  made  in  it  by  others,  and 
a method  of  imitating  the  Sulphureous,  Chaly- 
beate, and  Purging  Waters.  3s.  fewed. 

III.  Philosophical  Observations  on  the 
Senfes  of  Vifion  and  Hearing,  &c.  3s.  6d.  fewed. 

IV.  Essays  on  Physiolocical  Subjects, 
is.  6d.  fewed. 

V.  The  Medical  and  Philofophical  Works  of 
the  late  John  Fothergill,  M.D.  F.R.S.  See. 
with  his  Life,  and  occafional  Notes.  6s.  6d.  fewed. 


Juft  Publijhed , 

In  one  Volume  Folio,  illuftrated  with  24  Cop- 
per-Plates, Price  il.  iis.  6u.  bound. 

A NEW  MEDICAL  DICTIONARY, 
Or  General  Repofitory  of  Anatomy,  Phyfiology, 
Phyfic,  Surgery,  Materia  Medica,  Phar- 
macy, &c.  &c. 

By  G.  M O T H E R B Y,  M.  D. 
Printed  for  J.  Johnfon,  in  St.  Paul’s  Church- 

Yard. 

“ There  is  perhaps  no  Science,  of  which  a 
Syftem,  digefted  in  the  Form  of  a Didtionary, 
can  prove  more  ufeful  than  that  of  Medicine. 

“ After  reading  many  articles  in  this  excel- 
lent Compofition,  we  can  affirm  with  Truth, 
that  it  contains  a more  accurate  Account  of  Dif- 
eafes,  with  a more  full  inveftigation  of  the  Ma- 
teria Medica,  and  other  acceffory  Parts  of  Me- 
dicine, according  to  the  lateft  Improvements  in 
that  Science,  than  are  at  prefent  to  be  met  with 
in  any  other  Work  of  the  Kind  ; and  we  there- 
fore recommend  it  to  Gentlemen  of  the  Facultv, 
not  only  as  highly  ufeful  in  itfelf,  but  as  a Sub- 
ftitute  even  to  many  of  the  rnoft  capital  Volumes 
in  the  Medical  Library.”  Vide  Crit.  Review. 
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